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PREFACE. 



]he knowledge of the marvcla which a piece of 
)oal possesses within itaelf, and which in obedi- 

e trO processes of man's invenbioa it is always 
rilling to exhibit to an observant enquirer, is 
oi BO widespread, perhaps, as it should be, anil 
be aim of this little book, this record of one 
lage of geological history, lias been to bring 
bher the principal facts and wonders con- 
kected with ib into the focus of a few pages, 
rhere, side by side, would be found the record 
f its vegetable and mineral history, its discovery 
Ed early use, its bearings on the great fog- 
Toblem, its useful illuminating gas and oils, the 
[ueation of the possible exhaustion of British 
applies, and other important and interesting 
leariiigs of co^d or its products. 

In the whole realm of natural history, in the 
ridest sense of the term, there is nothing which 
ould be cited which has so benefited, so interested, 
! might almost say, so excited mankind, as have 

I wonderful discoveries of the various pro- 
lucts distilled from gas-tar, itself a distillate of 



6 PREFACK 

Goal touches the interests of the botanist, the 
geologist, and the physicist; the chemist, the 
sanitarian, and the merchant. 

In the little work now before the reader I 
have endeavoured to recount, without going into 
unnecessary detail, the wonderful story of a piece 
of coal. 

E. A. M. 

Thoknton Heath, 

Ftbruary, 1896. 
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THE STORY OF A PIECE OF COAL. 



CHAPTER I. 



•rom the tomely scuttle of coal at the side of 
he hearth to the gorgeously verdant vegetation 
tf a. forest of THimimoth trees, might have appeared 
K somewhat far cry in the eyes of those who lived 
ome fifty years ago. But there are few now who 
lo not know what was the origin of the coal which 
(hey use so freely, and which in obedience to their 
(temand has been brought up more than a thoa- 
tand feet from the howels of the earth ; and, 
although familiarity has in a sense bred contempt 
lor that which a few shillings will always pur- 
diase, in all probability a stray thought does 
iccuionally cross one's mind, giving hirth to 
'selinga of a more or less thankful nature that 
nch a etore of heat and light was long ago laid 
ip in this earth of ours for our use, when as yet 
yaa not destined to put in an appeai-ance for 
nany, many ages to come. We can scarcely 
Doagine the industrial condition of our country 
a the. absence of so fortunate a supply of coalj 
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3 obtained 
ihall see, it 
can be put, do indeed demand recognition. 

Were our present forests uprooted and over- 
thrown, to be covered by sedimentary depoaite 
such as those which cover our coal-seama, the 
amount of coal which would be thereby formed 
for use in some future age, would amount to a 
thickness of perhaps two or three inches at most, 
and yet, in one coal-field alone, that of West- 
phalia, the 117 most important seams, if placed 
one iibove the other in immediate succession, 
would amount to no less than 294 feet of coal. 
From this it is possible to form a faint idea of the 
enormous growths of vegetation required to form 
some of our representative coal beds. But the 
coal is not found in one continuous bed. These 
numerous seams of coal are interspersed between 
many thousands of feet of sedimentary deposits, 
the whole of which form the " coal-measures." 
I Now, each of these seams represents the growth 
of a forest, and to explain the whole series it is 
necessary to suppose that between each deposit 
the land became overwhelmed by the waters of 
^ the sea or lake, and after a long sub-aqueooB 
I period, was again raised into dry land, ready to 
B become the birth-place of another forest, which 
H would again beget, under similarly repeated con- 
W ditions, another seam of coal. Of the conditions 
W necessary to bring these changes about we will 
H speak later on, but this instance is sufficient to 
^L show how inadequate the quantity of fuel would 
^B be, were we dependent entirely on our own 
^^ existing forest growths. 



THE ORIGIN AND (.-OMl-OSITIOS OF COAL. 



11 



However, we will leave for the present the 
scinating pursuit of theorisitig as to the bov 
Uid wherefore of these vast heda of coal, relegat- 
BDg the geological part of the study of the car- 
inniferouB Byatem to a future chapter, where will 
'e found some more detailed account of the posi- 
I tion of the coal-seams in the strata which contain 
At present the actual details of the coal 
£ itself will demand our attention. 

Coal is the mineral which has resulted, after 
nhe lapse of thousands of thousands of years, 
(from the accumulations of vegetable material, 
(ansed by the steady yearly shedding of leaves, 
'conds and spores, from forests which existed in 
a early age ; these accumulated where the trees 
rew that bore them, and formed in the first 
lace, perhaps, beds of peat; the beds have since 
sen. subjected to an ever-increasing pressure of 
mulating strata above them, compressing the 
dieddings of a whole forest into a thickness in 
cases of a few inches of coal, and have been 
1 upon by the internal heat of the earth, 
■Whieh has caused them to part, to a varying de- 
vith some of iheir compDuent gases. If we 
ion from analc^y, we are compelled to admit 
ftat the origin of coal is due to the acciimula- 
a of vegetation, of which more scattered, but 
ijttorfl distinct, representative specimens occur in 
the shales and clays above and below the coal- 
But we are also able to examine the 
texture itself of the various coals by submitting 
bitremely thin slices to a strong light under 
■ i microscope, and are thus enabled to decide 
Irhether the particulai' coal we ate axamiiiiii^ 
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iply of the 
_ of aB, «r perhaps, a 

tte atrBetore of co&l can be accur 
Wen we artificial] J to prepan 
I sabstance, utd covering it np 
it to grekt pressure, ao that but 
nktile MM which would be formed 
MigU in the coarse of time pro 
HipmarhTfir coa), but whetbe 
IM obUiMd %nit«, jet, commoD bitaminou 
WMtl, or utUffache^ wo<;dd depend upon the p 
lihibtMS of eecapa for tbe gases contained in thf 

Kver^btMly has doobtkes noticed that, when a 
Itasnant pool irhi<:h couUina a good deal of d< 
wying Yi^9Ution is stirred, babbles of gas ris 
io (1)« atuttu* front (he mod below. This gas i 
Icaawn M nuush-ga^ or light carbnretted hydro 
MDi And gives rise to the i^Hif/itluHS which hoven 
WKiuft mui'bliy liuid, and wbich is said to lui 
tho wiMiry tnivellpr to his doom. The veget«b] 
kBUil it here uiii)erg:oiug rapid decomposition, a 
thwo ia iinthln^; to ^tay its pn:^re3s, and oi 
auporpoied load of etrata confining its result 
lug products within itaolf. Tlio ga^es therefor 
escape, and the breakiog-up of the tissues of th< 
vegetation goes on rapidly. 

The chemical changes which have taken pLic< 
ia the beds of vegetation of the carboniferous 
epoch, and which have transformed it into coal, 
are even now but imperfectly understood. All 
we know i» that, under certain circumstanceB, 
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^ind of coal is formed, whiUt tinder other 
tditiona, other kinds have resulted ; whilst ia 
ge cases the processes bare resulted in the 
niation of large quantities of tnineraJ oils, 
ae naphtha and petroleuiu. Oils are also 
ficially produced from tbe so-called waste- 
incts of the gas-works, but in some parts of 
world the process of their manufacture hiia 
I on naturally, and a yeai'ly increasing 
llity ia being utilised. In England oil has 
1 pumped im from the carboniferous strata 
Coalbrook Dale, whilst iu Sussex it has 
found in smaller quautities, where, in all 
lability, it has had its origin in the lignitic 
B of the Wealden strata. Immense quantities 
tised for fuel by the Russian steamers on the 
plan Sea, the Baku petroleum wells being a 
valuable possession. In Sicily, Persia, aud, 
lore important, in the Unit«d States, mineral 
are found in great quantity. 
1 all probability coniferous trees, similar to 
living firs, pines, larches, &c., gave rise for 
^cffit part to the mineral oils. The class of 
ig coni/i-rae is well known for the various oils . 
ii it furnishes naturally, and for others nhidkj 
qiresentatives yield on being subjected tofl 
UftUon. The gradually increasing amount of^ 
which we meet the deeper we go beneath 
earfac^ has been the cause of a slow and 
Unaous distillation, whilst the oil bo distilled 
feund its way to the aorfaca in the shape of 
eral-oil springs, or has accumulated in troughs 
le strata, ready for use, to be drawn u 
ill has been sank into it. 
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1^ THE aTOBY OF A PIECE OF COAL. 

The plants whicli hive gone to make up 
coal are not at ohlc apparent to the n ike U 
We have to eeartli imong the ahale3 and c 
and Gandstones nhich enclose the coal sei 
and in these we fini. petiified apeciniens w 
enable us 




apeoiea of ferns the numbPT of actual sp 
which have been preserved for us in our En 
coal, being double the number now exi 
in Europe The greater [art f these do 
seem to ha\e been lerp much larger 



own linng {erns, and, indeed, Bumy 
them bear a close resemblance to sotii« of oar 
own liviiig species. The imprcMiotia tbejr hare 
left on the shales of the cou-mc«siiK« are moet 
(trikms, and point to a time when Uie eaadj' 
clay i^ich imbedded 
tb^ was borne by 
Tater in a very tran- 
quil manner, to be de- 
podted where the ferns 
Bad grown, enveloping 
them gradimlly, and 
consolidating themtnto 
their mass of futnre 
shale. In one species 
known aa the iifirop- 
ierU, the nerves of the 
leaves are as clear and 
SB apparent as in a 
J, newly-grown fern, the 
■ "••"'■ being derived 
two Greek words 
r mftmittifr " nerve-fern." 
I It is interesting to | 
er the history i 
h a leaf, throogh- 
the ages that 
I have elapsed since it 
7 mu part of a living ' 
J fern. First it grew 
1 up as a new frond, then grsdnallf nnfolded itself, 
ji* and developed into the perfect fern. Then it 
" *"»•""■« cat off by the rising waters, and buried 
b an accumolation of sediment, and while 
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momentous changes have gone on in connection 
, with the surface of the earth, it haa lain dormant 

a. its hiding-place exactly as we see it, until d 
I excavated with its contemporaneous vegetation, 
; to form fuel for our winter fires. 

Although many of the ferns greatly resembled 
I existing species, yet there were others in these 
I ancient days utterly unlike anything indigen- 
i to England now. There were undoubted 
similar to tbose which thrive : 

so luxuriously in the tropics, 
and which throw out their grac«- 
S fill crowns of ferns at the head 
f "f a naked stem, whilst on the 
bark are the marks at different 
le\'els of the points of attach- 
ment of former leaves. Thest 
have left in their places cio* 
trices or scars, showing t' 
places from which they formei 
grew. Amongst the tree-fer 
found are wegaphijlon, 
tern, and caviopiem, all of whiS 
I have these marks upon them, thus proving that a 
I one time even trce-tei'ns had a habitat in Englanc 
One form of tree-feru is known hy the name c 
I X'sanniius, and this was peculiar in the possessioi 
f of masses of aerial roots grouped round the stem 
Some of the smaller species exhibit forms of leave 
which are utterly unknown in the nomenclatun 
I of living ferns. Most have had names assigne^| 
to them in accordance with certain characteristic^B 
1 which they possess. This was the more possibl 
I «iiice the fossiliaed impressions had been retaine 
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in so dietioct a manner. Here before ua ia a 

tpedtaen m a sltale of 2'«^v}iteru, aa ib is called, 

Aos, a comb). The leaf iu some species 

not altogether unlike the well-known living 

teia osmuitdii. The position of the pinnules on 
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B^Oth sides of the central stalk are seeu in the 
^^osaQ to be shaped something like a comb, or a 
Csaw, whilst up the centre of each pinnule the 
jvein is as prominent and noticeable as if the fern 
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were but yesterday waving gracefully in t 
and but to-day imbedded in its shaly bed. 

Spkenopleris, or " wedge-fern," ia the name ap-^ 

Elied to another coal-fern ; glossopleris, or "tongue- 
ffli"; a/clopleris, or "round-leaf"; wlonloptms, 
or "tooth-leafj" and many others, ehow their chief 
characteriBtics in the names which they individa- 
aUy bear. Alethipteris appears to have been the 
common brake of the 
coal-period, and in some 
respects reaemblea pecop- 

In some species of 
ferns so exact are the 
representations which 
they have impressed oa < 
the shale which contains: 
them, that not only a 
the veins and nerv 
distinctly visible, but: 
even the fructification 
still remains in the shape 
of tbe marks left by th»' 
so-called seeds on th( 
Something more than i 
passing look at the coal specimens in a good 
museum will well repay the time so spent. 

What are known as septarian nodules, oi 
Buake-stonea, arc, at certain places, common i 
the carboniferous strata. They are composed o 
layers of ironstone aud sandstone which hav< 
segregated around some central object, such ai 
a fern-leaf or a shell. When the leaf of a fen 
hoe been found to be the central object, it ha 

' »*^ 




.—Sphmopterii afflnli 

backs of the leaves. 
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Ken noticed that the leaf cati Bonietimes be 
sef^rated front the atone in the form of n car- 
bonaceoas film. 

Experiments were made many years iigo by M. 
Goppert to illustrate the proceas of fuasiliaation of 
ferns. Having placed some living ferns in a mass 
of clay and dried them, Le esiiosed tbem to a red 
heat, and obtained thereby striking resemblances 
to fossil plants. According to the degree of heat 
to which they were autjected, the plants were 
1 to be either brown, a shining black, or 
entirety lost. In the last mentioned case, only thi? 
impression remained, bat the cai-bonaceous matter 
bad gone to stain the surrounding clay black, 
thus indicating that the dark colour of the coal- 
ahales is <Jue to the carbon derived from the 
pluita which they included. 

Another very prominent member of the vege- 
tation of the coal period, was that order of plants 
known as the Calamites. The generic distinctions 
between fossil and living ferns were so slight in 
many cases as to be almost indistinguisnable. 
This resemblance between the ancient and the 
modern is not found so apparent ia other jjlanta. 
Ihe Calamites of the coal-measures bore indeed 
ft very striking resemblance, and were closely 
related, to our modern horse-tails, as the equmta 
lire popularly called ; but in some respects they 
differed considerably. 

Moat people are acquainted with the horse- 
tail {equisetiivi fiumatih) of our marshes and 
ditches. It is a somewhat graceful plant, and 
Btands erect with a jointed stem. The foliage 
ia arranged in whorls around the jointe, and, 
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unlike itB fossil representatives, its joints 
protected by Btriated sheatlia. The stem of 
largest living species rarely exceeds half-an- 




iii diameter, whilst that of the calamite atta 
a thickness of five inches. But the great j 
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koticeable in the fossil calamitee and 
Rptwert/rs 13 that they grew to a far greater 
Jieight than any similar plant now living, some- 
I times l)eing as mnch as eight feet high. In the 
I nature of their stems, too, they exhibited a more 
I highly organ- 
I bed arrange- 
I ment than 
I their living rc- 
Apresentatives, 
(liaving, accord- 

ng to Dr 
IWilliamBon, a 
J"fistnlar pith, 
■ im exogenous 
I vroody stem, 
rand a thick 
I amooth bark." 
I The baric hav- 
j almost 
I -always disap- 
Ipeared has left 
K the fluted stem 
I known to us as 
calamite. 
iThe foliage 
■vonsisted of 

1 whorls of long narrow leaves, which differed 
I tmly from the fern asteropJujUites in the fact 
I, that they were single-nerved. Sir William 
1 Dawson assigns the calamitea to four sub-types: 
IjwfcWJiiie proper, mJaim^ilvs, calarmdejidron, and 

mcalcmuxlendroii. 
Having used the word " exogenous," it might 
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be aa well to pay a little attention, in passing, 
to the nomenclature and broad classifi cation of 
the various kinds of plants. We shall then 
doubtieaa find it far easier thoroughly to under- 
stand the position in the scale of organisation 
to which the coal plants are referable. 

The pliints which are lowest in organisation 
are known as Celhilar. They are almost entirely 




I Fin. a.—AstenplitlHla foUota. Coa)-meiuarFii, 
composed of numerous cells built up ooo above 
the other, and possess none of the higher forms 
of tissue and organisation which uro met with 
elsewhere. This division includes the lichens, 
sea-weeds, confervae (g^m*matic Bcnm), fungj 
(mushrooms, dry-n ' ' '^^^ 

The 
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.ind fossil, &n(l these plants are built up of vessels 
and tissues of various shapes and character. 

AU plants are divided into (1) Cryptogams, or 
Flowerleas, such as mosses, ferns, equiselums, and 
(2) Phanerogams, or Flowering. Flowering plauts 
are again divided into those with naked seeds, 
MB the conifers and cycads (gymnosperms), and 
those whose seeds are enclosed in vessels, or 
OTarieB (aiigiosperms). 

Angiosperms ai'e again divided into the mono- 
cotyledons, as the palms, and dicotyledons, which 
inclode most European trees. 
Thiis : — 







[M. A. Brongiiiart). 
Crgytogimn (Ftonerlou) 


Fungi, seaweeds, 
licheoa 

Verns.equieetutnn 
moasoB, lyoupo- 


(LiDdley). 


Crsplogi""' (FJowerlow) 


AorogenB 


PlinKeeo-jaan (Flowering) 
iukidBee4s) 

Monocotyledons 


Conifera and 
Palms, lilioB, 


Gymnogens 
Rndogon* 


Diootyladotia 


Moat Buropoan 


Exogens 



Adolphe Brongniart termed the coal era the 
Age of Acrogens," because, as we shall see, of 
l» great predominance in those times of vascular 
Tptogamic plants, known in Dr Lindley's nomen- 
abire as " Acrogens." 
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of these families have already been dealt 
,z., the ferna (/dices), and the equisetuniB, 
',es and eqvi^tiles), and we now have to 
paea on to another family. This is that vhich 
includes the fossil representatives of the Lyco- 
podiunis, or Club-mosses, and which goes to make 
up in some coals as much as two-thirds of the 
whole mass. Everyone is more or less familiar 
with some of the living Lycopodinms, those 
delicate little 
fem-like mosses 
which are to be 
found in many 
a home. They 
arc but lowly 
members of our 
British flora, 
and it may 
Eeem somewlu^ 
astounding at 
first sight that 
their remote an- 
cestors occupied 
so important a,, 
co»i-»hnip. position in the. 

forests of the ancient period of which we are 
speaking. Some two hundt'ed living species' 
are known, most of them being confined to 
tropical climates. They are as a rule, low 
creeping plants, although some few stand erect 
■There is room for astonishment when we con- 

Iider the fact that the fossil representatives of 
le family, known ;is Lepidodmidra, attained a 
^bt of no less than fifty feet, and, there is 




good ground for believiog, in many cases, a far 
greater magnitude. They consist of long straight 
Items, or trtmkB which branch couaiderahly near 
the top. These steins are covered with scars or 
scales, which have been caiised by the separation 
of the petioles or leaf-stalks, and this gives rise to 
the name which the genus bears. The scars are 
arranged in a spiral manner the whole of the way 
up tbe stem, and the stems often remain perfectly 
nprigbt in tbe coal-mines, and 
reach into the strata which hate 
accumulated above the cDal-Gen 

Count Sternberg remarked that P 
we are unacquainted with an} t 
lexietasg species of plant, which 
Kke the Ijfpidodendron, preser\ es 
at all age<>, aad throughout tbe 
whole extent of the tnink tie 
Bears formed by the attachment 
of the petioles, or leaf-stalks ( 
tifae markings of tbe leaves thee 
selves. The yucca, dractena ind 
palm, entirely shed their scales I 
when they are dried up, in 1 
there only remain circles or * j ^^"l " 
tings, arranged round the trunk iamiiune 
in different directions. The Habelliform palms 
preserve tbeir scales at the inferior extr mity 
of the trunk only, but lose them as they increase 
in age j and the stem is entirely bare, from the 
middle to the superior extremity. In the ancient 
' lodriid I on, on the other hand, the more ancient 
:tlie scale of the leaf-stalk, the more apparent it 
jH remains. Portions of Btei[iB^a.'ve>it;«a. &&■ 





which went 
*■ to form BO 
large a proportion of the nncioDt coal-foreste. 
The lepidodeiiiha bore linear one-nervecl leaver 
and the stems always branched dichotomouslyi 
and poBseased a central 
pith. Specimens varioaBl] 
named kt'orrhi, lepidqpjilou 
ha/oiiia, and iilndiz-adron 
all referable to this f&milr. 
In some strata, as foi 
instance that of the SI 
aliire coalfield, quantities 
elongated cylindrical bodi 
known as lepidosfroH ba^ 
been found, which, it 
early conjectured, were 
P"'-i8--'>pi*'''""''''"' frait of the giant clnl. 
moases about which we hav) 
just been speaking. Their appearance can ' 
called to mind by imagining the cylindrical fmitl 
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! maize oi Indian corn to be reduce 1 to 

; three or fuur inches la length fl e 

nporangia or cases which ontained the mitro- 

>pc apoKE or seeds iiere ananged around a 

ceutral &x s in a Eomevrb it s milar mai ner to 

t m wh ch ma ze la found Tl ese bod es 

'e since beeu found actually situated at the 

I of bran hes of lepiixhnd thus placing 

IT true niture be 

id a doult The 

ill seeds (spores) do j 

t appear to ha^o e\ 

eed'-d in vo!i me those 

recent club mosses 

d th s alth ugh the 

tual trees themselves 

ff to a size very 

ly times greater 

a the hvmg spfcies 

Ills minuteness of the 

r seed germs goes to ex 

plain the reason why 

as Sir Charles Lyell re 

miirked, tb e sam e species 

of le} dalend a are so 

wideJy dstributed in 

the coal measures of c™ 'i^o 

Europe and America, their spores being capable 

of an easy transportation by the wind. 

One striking feature in connection with the 

fmit of the lepidodendron and other ancient reprc- 

I aentatives of the club-moss tribe, is that the bitu- 

frininous coals in many, if not in most, instances, are 

■ made up almost entirely of their spores and spore- 
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Under a 



1 piece 



of such coal 



a micros-cope, 
ia seen to be thronged with the minnte ronnded 
liodies of the spores interlacing one another and 
forming almost the whole mass, whilst larger than 
these, and often indeed enclosing them, are flat- 
tened bag-like bodies which are none other than the 
compressed sporangia wbich containpd the former. 
Now, the little Scottish or Alpine club moss 
which la so familiar produces its own little cones, 
each with its senet- of outside scales or leaves f 




these are attached to the bags or spore-case^ 1 
which are crowded with spores Although i 
mimatiirc, yetitproducesitsfruit in juetthesai 
way, at the terminations of its little branches, i 
the spores, the actual germs of life, w' 
mined microscopically,are scarcely distinguish all 
from those which are contained in certain " " 
minouB coals. And, although ancient club-i 
have been found in a fossilised condition et 1 
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^orty-nine feet high, the spores are no lurgei' than 
^oae of our miaiature club-niosKcs i.if the present 
day. 

The spores are more or less composed of pure 
bitLunen, and the bituminous nature of the coal 
depends largely on the presence or absence of 
these microscopic bodies in it. The spores of the 
living club-mosses contain so much resinous 
matter that they are now largely used in the 
making of fireworks, and upon the presence of 
tliis altered resinous matter in coal depends its 
capability of providing a good blazing coal. 

At first sight it Eeenis almost impossible that 
Bnch a minute cause should result in the forma- 
tion of huge mosses of coal, such an incDDcei^'able 
number of spores being necessary lo make even 
the smallest fragment of coal. But if we look at 
the cloud of spores that can be shaken from a 
single spike of a club-moss, then imagine this to 
be repeated a thousand times from each branch 
of a fairly tall tree, and then finally picture a 
whole forest of such trees shedding in due season 
tbeir copious showers of spores to earth, we shall 
perhaps be less amazed than we were at firat 
thought, at the stupendous result wrought out by 
BO minute an object. 

Another well-known form of carboniferous 
"vegetation is that known as the SiijiUaiia, and, 
connected with this form is one, which was 
iloug familiar under the name of Sliffmariu, but 
which has since been satisfactorily proved to have 
■formed the branching root of the sigillaria. The 
older geologists were in the habit o£ placing 
Jhese plants among the tree-ferns, principally on 



account of the cicatrices which were left at the 
junctions of the leaf-atalks with the stem, after 
the former had fallen off. No foliage had, how- 
ever, been met with which was actually attached 
to the plants, and hence, when it was discovered 
that some of them had long attenuated leaves 
not at all like those ])03BeseQd by ferns, geoIogietA \ 
were compelled to abandon this classili cation of 
them, and even now no satisfactory reference to ; 
existing orders of them has been made, owing to ' 
their anomalous structure. The stems are fluted 
from base to stem, although this is not bo ; 
apparent near the base, whilst the raised promin- 
ences which now form the cicatrices, are arranged ] 
at regular distances within the vertical groovea. 

When they have remained standing for some 
length of time, and the strata have been allowed 
qaietly to accumulate around the trunks, they 
have escaped compression. They were evidently, > 
to a great extent, hollow like a reed, so that in ' 
those trees which still remain vertical, the ia- 1 
terior has become filled up by a coat of suul* 1 
stone, whilst the bark has become transformed j 
into an envelope of an inch, or half an inchtfj 
coal But many ai'e found lying in the strata in ] 
a horizontal plane. These have been cast doi0 j 
and covered up by an ever-increasing load aij 
strata, so that the weight has, in the course cH 
time, comprassed the tree into simply the thic^ 
ness of the double bark, that is, of the tMa 
opposite sides of the envelope which covered M 
\^en living. « 

SigillariiE grew to a very great height vithod 
branching, some specimeua having measured fic^ 



TO feet long. In accordance wttli iheir 
markings, certain ty]>es are known as 
iiigafendron, faruUtria, and clollinm". Jtip- 
ijhn is a term applied to an interior stem re- 
rable to this family. 

Bat the most interest! n^,' lioint about the 
jillaiia is the root. This was for a long time 
jiarded as an entirely distinct individual, and 
o older geologists explained it in their writings 
s of sTicculent aijuatic plant, giving it 




iiennrae of MigiiiK I' ill. They realized the fact that 
I was almost universally found in those beds 
rhich occur immediately beneath the coal seams, 
hit for a long time it did not strike them that it 
BJght possibly be the root of a tree. In an 
id edition of Lycll's "Elements of Geology," 
itterly unlike existing editions in quality, quan- 
ifcy, or compi'eheiisiveneEfl, after describing it as 
n extinct species of water-plant, the author 
lazardfd the conjecture that it might ultimately 
J found to have a connection with some other 
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well-known plant or tree. lb was noticed tl 
above the coal, in the roof, etigm&rise w« 
absent, and that the stems of trees wbi 
occurred there, had become flattened by t 
weight of the overlying strata. The stigmar 
on the other hand, abounded in the uiulerciay, 
it is called, and were not in any way conapresa 
but retained what appeared to be their n&tui 
shape and position. Hence to explain the 
appearance, it was thought that they were watt 
plants, ramifying the mud in every direction, u 
finally becoming overwhelmed and covered 1 
the mud itself. On botanical grounds, Brongnia 
and Lyell conjectured that they formed the roo 
of other trees, and this became the more apparei 
as it came to be acknowledged that the unde 
clays were really ancient soils. All doubt wa 
however, finally dispelled by the discovery \ 
Mr Einney, of a sigillaria and a stigmaria i 
actual connection with each other, in the Lu 
cash ire coal-field. 

Stigmarife have since been found in the Cap 
Breton coal-field, attached to Lepidodendn 
about which we have already spoken, and i 
similar discovery has since been made in t& 
British coal-fields. This, therefore, would sea 
to shew the affinity of the sigillaria to the lepidt 
dendron, and through it to the living lycopoi 
or club-mosses. 

Some few species of stigmai'ian roots lU! 
been discovered, and various specific names llll 
been given to them before tneir actual natM 
was made out. \\'hat for some time w^ 
thought to be long cylindrical leaves, have jA 
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found to be simply rootlets, and in apeci- 
lens where these have been remove(i, the surface 
of the stigmaria has been noticed to be covered 
witblargenumbersof protuberant tubercles, which 
have formed the 
buses of the 
rootlet*. There 
appears to have 
also been some 
special kind of 
arraDgement in 
their growth, 
since, unlike the 
roots of most 
living plants, 
the tubercles to 
which these root- 
lets were at- 
tached, were arranged spirally around the main 
root. Each of these tuberclea was pitted in the 
centre, and into these the almost pointed ends of 
the rootlets fitted, as by a ball and socket joint. 

" A single trunk of Bigillaria in aii erect forest 
presents an epitome of a coal-seam. Its roots 
represent the sti/jmaria underclay ; its bark the 
compact coal ; its woody axis the mineral char- 
coal ; its fallen leaves and fruits, with remains of 
herbaceous plants growing in its shade, mixed 
with a little earthy matter, the layers of coarse 
coal. The condition of the durable outer bark of 
erect trees, concnrs with the chemical theory of 
coal, in showing the especial suitableness of this 
kind of tiKue for the production of the purer 
compact coals." — (Dawson, " StrQctaieft vn Caai-" 
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There is yet one other family of plants whi 
muet be mentioaecl, and which forms ; 

important portion of the constituent jlora . 

coal period. Thia is the great family of | 
eoiiifei'ce, which although differing in m ' 
res]>ect8 from the highly oi^aniaed dicotyled 
of the present day, yet resembled them in i 
respect, especially in the formation of an 
ring of woody growth. 

The conifers are those trees which, 
name would imp!y, bear their fmit in the 1 
of cones, such as the lir, larch, cedar, and otl 
The order is one which is familiar to all, i 
only on account of the cones they bear, and t" 
she dd in gs, which in the autumn strew the gra . 
with a soft carpet of long needle-Iike leaves, "I 
also because of the gum-like secretion of Hi 
which is contained in tbeir tissues. Only a fl 
speciea have been found in the coal-heda," i 
these, on examination under the microscope, 1' 
been discovered to be closely related to the m 
caria,n division of pines, rather than to i 
of our common firs. The living species of i 
tree is a native of Norfolk Island, in the Pac' 
and here it attains a height of 200 feet, i 
a girth of 30 feet. From the peculiar arrangs^ 
ment of the ducts in the elongated cellular tisane 
of the tree, as seen under the microscope, the 
fossil conifers, which exhibit this structure, have 
been placed in the same division. 

The familiar fossil known to geologists as 
Btenibergio. has now been shown to be the cast of 
the central pith of these conifers, amongst which 
may be mentioned coi'daUes, amucarUef, and tlad- 
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Spuio/i. The central cores had hecome replaced 
^Lh inorganic matter after the pith had shrunk 
mA left the sps^ce empty. This shrinkage of the 
ath is a process which tiikea place in many 
tlants even when living, and instances will at 
ince occur, in which the stems of various spedes 
)f shrubs when broken open exhibit the remains 
of the shrunken pith, in the shape of thin discs 
usross the interval cavity. 

We might reasonably exjiect that where we 
ind the remains of fossil coniferous trees, we 
liould alao meet with the cones or fruit which 
tiey bear. And such is the case. In some 
ioal-districts fossil fruits, named nirdiocaiyum 
md irigomcarjtum, have been found in great 
^nantities, and these have now been decided 
)y botaaists to be the fruits of certain conifers, 
dlied, not to those which bear hard cones, but 
o those which bear solitary fleshy fruits. Sir 
Charles Lyell referred them to a Chinese genua of 
Hie jew tribe called salislmna. Dawson states that 
ibey are very similar to both tazas and salislmria. 
They are abundant in some coal-measures, and are 
contained, not only in the coal itself, but also in 
(lie sandstones and shales. The under -clays 
Appear to be devoid of tliem, and this is, of 
'Course, exactly what might have been expected, 
idnce the seeds would remain upon the soil until 
covered up by vegetable matter, but would never 
form part of the clay soil itself. 

In connection with the varieties which have 
l>een distinguished in the families of the conifers, 
ealamites, and sigiUarise, Sir William Dawson 
[Mbes the following obsetvatioua ■, 
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that there voB a. coneiderably wide isnge of 

orgajiisation in coiilaitiiiie as well as in cit/umttes 
and sigilltmiB, aod that it will eventually 1>e 
found that there were three lines of connection 
betweea the higher cryptogama {flowcrleaa) and 
the phcenogams (flowering), one leading from 
the lycopodes by the sigillarice, another leading 
by the cordaites, and the third leading trom the 
equiseiums by the calamiks. Still further back 
ttie characters, afterwards separated in the cliib- 
mossea, mare'a-taila, and ferns, were united in 
the Thizocaij>s, or, as some prefer to call them, the 
heteroaporous fiUdnai." 

In concluding thiB chapter dealing with the 
various kinda of plants which have been dis- 
covered as contributing to the formation of coal- 
_ it would be aa well to aay a word or 
two concerning the climate which must have 
been necessary to permit of the growth of aacb 
an abundance of vegeta.tion. It is at once ad- 
mitted by all botanista that a moist, humid, and 
warm atmosphere was necessary to account for 
the existence of such an abundance of ferns. 
The gorgeous waving tree - ferns which were 
doubtless an important feature of the landscape, 
irould have required a moist heat such as does 
not now exiat in this country, although not neces- 
sarily a tropical heat. The magnificent giant 
lycopodiums cast into the shade all our living 
members of that class, the largest of which per- 
haps are those that floui'ish in New Zealand, 
"'ew Zealand, too, are found m.iny species 

Tna, both those which are arborescent a 
which are of mora humble stature. Add 
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these the numerous conifers which are there 
found, and we shall find that a forest in that 
couniry may represent to a certain extent the 
tjjpearance presented by a forest of wirboniferons 
Tcgetation. The ferns, lycopods, and pines, 
however, which appear there, it ts but fair to 
ire mixed with other types allied to more 
recent forma of vegetation. 

There are many reasons for believing tliat 
the amount of carbonic acid gas then existing 
in the atmosphere was larger than the ijuan- 
tity tvhicli we now find, and Professor Tyndall 
has ahowu that the effect of this would be 
to prevent radiation of heat from the earlli. 
Tlie resulting forms of Tegetation would be 
BUch as would be comparable with those which 
} cow reared in the green-house or conferva- 
lory in these latitudes. The gas would, in 
set, act as a glass roof, extending over the whole 
irorld 



nsidering the source whence coal is derived, 
'e must be careful to remember that coal itself 
but a minor portion of the whole formation in 
'hich it occurs. The presence of ccal has indeed 
iven the name to the formatli^ii, the word 
carboniferous" meaning "coal-bearing," but in 
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taJcing a comprehensive view of the positim 
wliich it occupies in the bowels of the e&r^. 
it will be Decessary to take into consideratioq 
the strata in which it is found, and the oat 
ditiona, so far as iire known, under which thea 



were d 

Geologically speaking, the Carboniferous forma? 
tion occurs near the close of that group of syste 
which have been classed as " palicozoic," youni 
in point of age than the well known Devoniai^ 

la Old Red Sandstone strata, but older by far 
than the Oolites, the Wealden, or the CretaceouB 
strata. 

In f-outh Wales the coal-bearing stratA have 
been estimated at between 11,000 and 13,000 ' 
feet, yet amongst this enormous thickness of I 
strata, the whole of the various coal-seams, if 
taken together, probably docs not amount to more 
than 120 feet. This great disproportion between i 
the total thickness and the thickness of coal I 
itself shows itself in every coal-£eld that has 
been worked, and when a single seam of coal is 
discovered attaining a thickness of 9 or 10 feet, _ 
it is so unusual a thing in Great Britain as to | 
cause it to be known as the " nine " or " ten-foot 
may be. Although abroad 
many seams are fount! which are of greater thick- 
nesses, yet similarly the other portions of the 
formation are proportionately greater. I 

It is not possible therefore to realise completelf | 
the significance of the coal-beds themselves unleas 
there is also a knowledge of the remaining con- .i 
iStitnentsofthe whole formation. The strata found, 
various coal-lields differ considerably 
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mongBt themselves in character. There are, 
owever, certain well-defined characteristics 
'hich find representation in moat of the principal 
oal-Aelda, whether British or European. Pro- 



Upper Carbon iFERotrs. 
Upper aml-tneirsiires. 
Reddish and purple sandstones, led and 
grey clays and shales, tliin hands of 
coal, ironstone and limestone, with 
spirorbis and fish. 
Middle eixd-measiirf.'!. 

Yellow and gray sandstones, blue and 
black clays and shales, bands of coal 
and ironstone, fossil pknts, bivalves 
and fish, occasional marine bands. 

MiDDLK CaBIIONIFEROUS. 

Gannisfer beds or Lotcer ciftl-Dien^iins. 

MitkioM grit. Flagstone series in Ireland, 
Ydredale beds. Upper shale series of Ire- 
land. 
LowKR Carboniferous. 
Mountain limestone. 
lAmestont slutle. 
sch of the three principal dirisions has its 
gpresentative in Scotland, Belgium, and Ireland, 
it, nnfortunately for the last-named country, 
le whole of the upper coal-measiires are there 
ibsent. It ia from these measures that almost 
I our commercial coals are obtained, 
This list of beds might be further curtailed for 
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«I1 practical purposes of the geologist, and' 
three great divisions of the sfsteiu n-onld 
•taiid: — 

Upper Carboniferous, or Coal-meaaures proper. 

Millstone grit. 

Lower Carboniferoua, or Mountain limestone. 
Id. short, the formation consists of masses of 
sandstone, shale, limestone and coal, these also 
sndosing elays and ironstones, and, in the lime- 




Btone, marbles and veins of the ores of lead, 
and antimony, and occasionally silver. 

As the most apparent of the rocks of 
system are sandstone, sbale, limestone, a 
it will be necessary to consider how these were 
deposited in the waters of the carboniferous ages, 
and this we can best do by considering the laws 



ider which strata of a similar nature are now 
ing deposited as Bedimentarj- bede. 
A great proportion consists of sandstone. Now 
ndstone Ib the result of sand which hiis been 

Bosited in large qiiaatities, hu\ing become 
arat«d or hardened by various processes 
ought to bear upon it. It is necessary, there- 
re, first to ascertain whence came the sand, and 
liether there are any peculiarities in its method 
deposition which will explain its stratification, 
will be noticed at once that it bears a consider- 
ile amount of evidence of what is called "current- 
idding," that is to say, that the strata, instead 
being regularly deposited, exhibit series of 
edge-shaped masaea, which are constantly 
jnning out. 

Sand and ijuartz are of the same chemical com- 
[sition, and in all probability the sand of which 
rery sandstone in existenceis composed, appeared 
1 thia earth in its first solid form in the shape of 
Bartz. Now quartz is a comparatively heavy 
ineral, so also, therefore, will sand he. It is also 
iry hard, and ia these two respects it differs 
itirely from another product of sedimentary 
Itpoeition, namely, mud or ctay, with which we 
all have presently to deal when coming to the 
Ales. Since quartz is a hard mineral it neces- 
rily follows that it will suffer, without being 
eatiy affected, a far greater amount of wearing 
id knocking about when being transported by 
le agency of currents and rivers, than will a 
^fter substance, such as clay. An equal amount 
f thia wearing action upon clay will reduce it to 
impalpable silt. The grains of sand, how- 
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ever, will Btill remain of an appreciable 
size, and where both sand and al&y 
transported to the sea in one and the 
stream, the clay will be transported to long dis- 
tances, whilat the sand, being heavier, bulk for 
bulk, and also coneisting of grains larger in size 
than grains of clay, will be rapidly deposited, and 
form beds of sand. Of course, if the ciurent be 
a violent one, the sand is transported, not by 
being held in suspension, but rather by being 
pushed along the bed of the river ; such an 
action will then tend to cause the sand to become 
powdered into still finer sand. 

When a river enters the sea it soon loses its 
individuality ; it becomes merged in the body of 
the ocean, where it loses its current, and where 
therefore it has no power to keep in suspension 
the sediment which it had brought down from 
the higher lands. When this is the case, the sand 
borne in suspension is the first to be deposited, 
and this accumulates in banks near the entrance 
of the river into the sea. We will suppose, 
for illustration, that a small river haa be- 
come charged with a supply of sand. As it 
gradually approaches the sea, and the current 
loses its force, the sand is the more sluggishlf 
carried along, until finally it falls to the bottom, 
and forms a layer of sand there. Tliia lay« 
increases in thickness until it causes the depth of 
water above it to become comparatively shallow. 
On the shallowing process taking place, the cor^ 
rent will still have a certain, though sligliter, hold 
on the sand in suspension, and will transport it 
j'et a little further seawwd, ■wtven it will 1» 
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down at the edge of t)ie bank or 
(yer already furmed, tliua tending to extend 
tlie bank, and to Bhallow a wider space of 
liver-bed. 

As a result of this action, strata would be 
formed, shewing strdtiScatioa diagonally as well 
as horizontally, represented in section a a a 
number of banks which had seemingly been 
thrown down one above tbe other, ending in thin 
wedge-shaped terminations where the jiarticnlar 
Bupply of sediment to which each owei its foi 
nation had failed 

The masses of sandstcnc which t 
the carboniferous formation exhibit i 

M edge 
diaped strata and we 
have therefore a clue 
once both as to 
their propinquity to J 
sea and land and | 
I also as to the manner 
in which they were 
formed 

There is one thing fo ii— f /«/ ■.■ 

more, too, about them. CQni-memnres, 

Just as, in the case we were considering, we 
^could observe that the wedge-shai>ed strata 
■always pointed away from the source of the 
Viaterial which formed them, so we can similarly 
iadge that in the carboniferous strata the same 
.deduction holds good, that the diagonally- point- 
ing strata were formed in the same ivay, and that 
their thinning out was simply owing to tempor- 
wry failure of sediment, maide i^wi4,\ia"«%"it^,'«^ 




a further deposition of strata vrhea the next 
supply was borne down. 

It is scarcely likely, however, that sand in a 
pure state was always carried down by the cur- 
rents to tlio sea. Sometimes there woald be 
some silt mixed with it. Just as in many parts 
large masses of almost pnre sandstone have been 
formed, so in other places shales, or, as they are 
popularly known by miners, "bind,'" have been 
formed. Shales are formed from the clays which 
have been carried down by the rivers in the shape 
of silt, but which have since become h.irdeneil, 
and now split up easily into thin parallel layers. 
The reader has no doubt often handled a piece of 
hard clay when fresh from the quarry, and hu 
remembered how thjit, when he liaa been breaking 
it op, in order, perhaps, to excavate a partially- 
hidden fossil, it has readily split up in thiu flakes 
or layers of shaly substance. This exhibits, on 
a small scale, the chief peculiarity of the coal 

The formation of shales will now demand our 
attention. When a river is carrying down with it 
aquantity of mud or clay, it is transported as a fine, 
dusty silt, and when present in quantities, gjtrea 
the muddy tint to the water which is so noticeable. 
"We can very well see how that silt will be carried 
down in greater quantities than sand, since nearif 
all rivers in some part of their course will travel 
through a clayey district, and finely-divided clay, 
being of a very light nature, will be carried for- 
ward whenever a river passes over such a district 
And a very slight current being sufficient to earn 
it in a state of suspension, it follows that it wiU 
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B little opportunity of falling to the bottom, 
imtil, by some means or otlier, the current, which 
is the means of its conveyance, becomes stopped or 
liindered considerably in its flow. 

AVhen the river entere ft large body of water, 
SQch as the ocean or a lake, in losing its in- 
dividuality, it loses also the velocity of its current, 
and tbe silt tends to sink down to the bottom. 
£ut being less heavy than the sand, about which 
■we have previously spoken, it does not sink all at 
ODce, but partly with the impetus it has gained, 
and partly on account of the very slight velocity 
vs-hich the current still retains, even after having 
entered the sea, it will be carried out some dis- 
tance, and will the more gradually sink to the 
bottom. The deeper the water in which it falls 
the greater the possibility of its drifting farther 
still, since in sinking, it would fall, not vertically, 
but rather as the drops of rain in a shower when 
being driven before a gale of wind. Thus we 
should notice that clays and shales would exhibit 
a. regularity and uniformity of deposition over a 
wide area. Currents and tides in the sea or lake 
would tend still further to retard deposition, whilst 
any stoppages in the supply of silt which took 
place would give the former layer time to con- 
solidate and harden, and this would assist in giving 
it that bedded structure which is so noticeable in 
the shales, and which causes it to split up into 
fine laminse. This uniformity of structure in the 
shales over wide areas is a well ascertained 
characteristic of the coal-shales, and we may 
therefore regard the method of their deposition 
as given here with a degree of ceita.iiA'^. 
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There is a class of deposit found among the 
«oal-beds, which is known as the " underclay," 
and this is the moat regular of all as to the poailioB 
in which it is found. The underpays are found 
beneath every bed of coal. " Warrant," " spavin," 

► and " gannister " are local names which are some- 
times applied to it, the last being a term used 
when the clay containe such a large propor 
tiou of eilicious matter as to become almost like 
a hard flinty rock. Sometimes, however, it JB a 
soft clay, at others it is nixed with sand, but 
whatever the composition of the undcrclays m«y 
be, they always agree in being unstratjfied, 
They also agree in this respect that the peculiar 
fossils known as sligmanir abound in them, and 
in some cases to such an extent that the clay is 
one thickly-matted mass of the filamentous rootr 
lets of these fossils. We have seen how these 
gradually came to be recognised as the iwots of 
trees which grew in this age, and whose remains 
have subsequently become metamorphosed iiiW 
coal, and it is but one step farther to come to 
the conclusion that these underclays ai'e the 
ancient soils in which the plants grew. 

Xo sketch of the various beds which go 
to form the coal -measures would be complete 
"which did not take into account the enormous 
beds of mountain limestone which form the basis 
of the whole system, and which in thinner bande 
are intercalated amongst the upper portion of 
the system, or the true coal-measures. 

Now, limestones are not formed in the s 
-way in which we have seen that sandstones 
ebales are Armed. The last V«o tueuVTOTied 
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thoir origiD to their deposition as s 

Beas, estuaries or lakes, but the masses of limcstono 

which are found in the various geological fiirni:i- 

tiona owe their origin to causes 

other than that of sedimentarj- 

deposition. 

In carboniferous times there 
lived numberless creatures which 
we know nowadays as enffinites. 
These, when growing, were fixeil 
to the bed of the ocean, and 
extended upward in the shajic of 
pliant stems composed of lirae- 
sbone joints or plates; the ^^^ stem of 
each enorinite then expanded j^^ at the top 
in the shape of a gorge- <\1^ ouj and 

graceful starfish, pos- y^>^^ sesaod of 
number- 
and lengthy 
arms. These en- 
crinitea grew in 
such profusion that 
after death, when 
the plates of which their stems con- 
ited, became loosened and scattered over the 
|d of the sea, they accumulated and formed solid 
>ne. Besides the encrinitcs, there 
of course other creatures which were able to 
pte the hard part* of their structures by with- 
iring lime from the sea, such as foramimfrra, 
ll-fisn, and especially corals, so that all these 
[ted after death in the accumulation ol 
of limestone where they had grown andi 
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There 'a one \ ecul'arity in conne t*o w'tli the 
ha) tftts uf the eucnn te^ and co -ala rhich goes 
aomo d sta ce supplying us ith a a elul clae 
as to the cond t ona under wh ch th b port on of ' 
the carbo feroue format u wa^ forme ! These ] 
creatures ftnd it a d fBc It matte as a rule t 
li e and ecreto the r calcareo & skeleton n any 
w ter b t that wh ch is clear ind free from ; 
muddy or sa dy &ed ment Thej are therefore J 
not found gen rallj speik ng whe c the other 
lei °^ ^ rh ch I 
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a e al ays found 
□e r the coasts, 
t follows th tthe 
hah tatB of the 
creatures, ef erred 
to must he far 
out at sea where 

G Fn ta maa meuts horne by 

can leach them We au therefore 

I safely come to the on lus on that tl e lai^t 

masses of encr □ tal 1 mestone wh ch attam such 

an enormo s tl ckness n some i laces especially 

1 Ireland have been formed fa viy from tlia 

I k doftheperod wc c natthes me time dr»* 

' the CDuclus on that if e hnd the e crmita 

I broken and snapj ed asunder a d the 1 meatMie 

1 ng n pure through be ng mingled 

i; on of clayey or a-iudy depoeite, 

I] proacbmg a coastAi e here pet 



hapa a river opened out, and where it deatroyod 
the growth of encrinitep, mixing with thoir 
dead remains the sedimentary dfibris of the 
land. 

We hare lightly glanced at the circumstances 
attending the deposition of each of the prin- 
cipal rocks which form the beds amongst which 
coal is found, ami have now to deal with the 
fonnation of the coal ibaelf. We have already 
considei'ed the various kinds of plants and trees 




which have been discovered as contributing their 
remains to the formation of coal, and have now 
to attempt an explanation of how it came to be 
formed in so regular a manner over so wide an 

Each of the British coal-fields is fairly exten- 
sive. The Yorkshire and Deib^aVmfc awaJt'w^As'i 
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together with the Lancashire coal-field, 
which they were at one time in geological 
Tiection, give us an area, of nearly 1000 BQ1H| 
miles, and other Biitish coal-fields show at 1/m 
some liundreda of square miles. And yet, sj 
over them, we find a series of beds of coal y 
in many cases extend throughout the whole i 
with apparent regularity. If we take it^V 
there seems every reason to believe waa " 
case, that almost all these coal-fields were ^ 
only being formed at the same time, but ^ 
in most instances in continuation with i 
another, this regularity of deposition 
paratively narrow beds of coal, appears all 1 
more remarkable. 

The question at once suggests itself, Whict 
two things is probable 1 Are we to believe 6 
all this vegetable matter was brought down! 
some mighty river and deposited in its delta^a 
that the coal-plants grew just where we ] 
find the coal 1 

Formerly it was supposed that coal was fonneq 
out of dead leaves and trees, the refuse of the 
vegetation of the land, which had been carried 
down by rivers into the sea and deposited at 
their mouths, in the same way that sand and 
mud, as we have seen, are swept down and 
deposited. If this were bo, the extent of the 
deposits would require a river with an enormous 
embouchure, and we should he scarcely warranted 
in believing that such peaceful conditions would 
there prevail as to allow of the layers of coal to 
be laid down with so little disturbance and with 
such regularity over these wide areas. But the 
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reat objection to this theory is, that Dot ooljr 
: remains still retain their perfection of 
Iktracture, but they are comparaiively pure — 
unmixed with BedimentAiy depositions of 
y or sand. Sow, rivers woald not bring 
ttown the dead vegetation alone; their UAoal 
purdea of sediment would also be deposited at 
iheir mouths, and thue dead planta, eaoii, and 
^lay would be mixed ap together in one black 
nhaly or sandy mass, a mixture which woold be 
'nseless for purposes of combustion. The only 
'theory which explained all the recognised phe- 
nomena of the coal-measures was that the plants 

■ forming the coal actually grew where the coal 

■ was formed, and where, indeed, we now find it- 
J'When the plants and trees died, their remains 
Tfell to the ground of the forest, and these bood 
vtumed to a black, pasty. Testable mass, the layer 
Ptiius formed being r^:ularly increased year by 
■year by the continual accumulation of fresh 
Tcarbonaceona matter. By thL; means a bed 
I would be formed with regularity over a wide 
I area : the coal would be almost free from an 
I admixture of sandy or clayey sediment, and 
I probably the rate of formation would be no 
I more rapid in one part of the forest than another. 
I Thus there would be everywhere uniformity of 
r thickness. The warm and humid atmosphere, 

which it is probable then existed, would not 

only have tended towards the production of an 

abnormal vegetation, but would have assisted 

. in the decaying and disintegrating processes 

) which went on amongst the shed leaves and 
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When at last it wfts announced as a patents 
fact that every bed of coal poBsessed its under- 
c!ay, and that trees had been discovered actuallj 
standing upon their own roots in the clay, then 
was no room at all for doubt that the correct t 
theory had been hit upon— viz., that coal is now ' 
found just where the trees composing it had 
grown in the past. 

But wo have more than one coal-seam to 
account for. We have to explain the exist- 
ence of several layers of coal which have been 
formed over one another on the same spot at 
successive periods, divided by other periods 
when shale and sandstones only have been 
formed. 

A careful estimate of the Lancashire coal-iield 
has been made by Professor Hull for the Geo- 
logical Survey. Of the 7000 feet of carboni- 
ferous strata here found, spread out over an 
area of 217 square miles, there are on the 
average eighteen seiima of coal. 

This is only an instance of what is to be 
found elsewhere. Eighteen coal-seams ! what 
does this mean^ It means that, during car- 
boniferous times, on no leas than eighteea 
occasions, separate and distinct forests have 
grown on this self-same spot, and that between 
each of these occftsiona chaugea have taken 
place which have brongfat it beneath the waters 
of the ocean, where the sandstones and shales 
have been formed which divide the coal-seama 
from each other. We are met here by & 
^L wonderful demonstration of the instability of 
^Hriihe surface of the earth, and we have to do 

[ 



^» OUT beet to shoir hoir the changes of level 
i^ iive been brought about, which have allowed 
4 01 this game of geological see-saw to take 
4 plice between sea aod land. Changes of 
V iere] ! Many a hard geological nut has only 

■ been overcome by the application of the prin- 
vciple of changes of lev^l In the surface of 
Hthe earth, and in this we shall find a sure 
Kexplanatioii of the phenomena of the coat- 
■naeaauree. 

■ Great changes of the level of the land are 
I ludoubtedlf taking place even now on the 
I earth's surface, aod la assuming that similar 
Lebanges took place in carboniferous times, we 
Hdiall not be assuming the former existence of 
Hn agent with which we are now unfamiliar. 
RAjid when we consider the thicknesses of sand- 
Fttone and shale which intervene beneath the 

coal-seams, we can realise to a certain extent 
the vast lapses of years wliich must have taken 
f place between the existence of each forest ; so 
fcthat although now an individual passing u}* a 
■Coal-mine shaft may rapidly pass through ihe 
Remains of one forest after another, the rise of 
mthe strata above each forest-bed then was tre- 
Anendouslf slow, and the period between the 
nrowth of each forest must represent the jMSsing 
Bkway of countless ages. Perhaps it would not 
Bie too much to say that the strata between 
HK>me of the coal-seams would represent a period 
^Bot less than that between the formation of the 
Hbw tertiary coals with which we are acquaintetli^ 
Bud a time which is still to us in the far-aw«^H 
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The actual seams of coal themselves will not 
yield nuieh informatioD, from which it will be 
|>ossible to judge of the contour of the land- 
masses at this ancient period. Of one thing 
we are sure, namely, that at the time each seam 
was formed, the Epot where it accumulated wia 
dry land. If, therefore, the seams which appear 
one above the other coincide fairly well aa to 
their superficial extent, wo can conclude that 
each time the land was raised above the sea 
and the forest again grew, the contour of the 
land was very similar. This conulusioD will be 
very useful to go upon, since whatever deciuon 
may be come to as an explanation of one suc- 
cessive land-period and sea-period on the aamo 
spot, will be applicable to the eighteen or more 
periods necessary for the completion of some of 
the coal-field e. 

We will therefore look at one of the sand- 
stone masses which occur between the coal- 
seams, and learn what lessons these have to 
teach us. In considering the formation of 
strata of sand in the seas around our river- 
mouths, it was seen that, owing to the greater 
weight of the particles of the sand over those 
of clay, the former the more readily sank 
to the bottom, and formed banks not very 
fer away from the laud. It was seen, too, that 
each successive deposition of sand formed a 
wedge-shaped layer, with the point of the wedge 
pointing away from the source of origin of the 
sediment, and therefore of the current which 
conveyed the sediment. Therefore, if in the 
coal-measure sandstones the layers were found. 
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^Hc the wid w»t bad iemn wm 
■djeet to iwieaU fron ercsy dirotiloa, and 
Uie iiifa— k that it wm vcH viUiin Ui* 
tfitm of i alt ii M i gf of aniiMnnu lUvaau Mxl 
nreis, wlni^ fio>w«d fron rreij direetion. The 
onlf ooadhioB of tiaagt whidi would expUiD 
this b dot dte sutdstoae was ongiiuJlr formed 
in s dneed ma or lar^ like, lata which numer- 
ous irren flowing from every direction [>nuivtl 
their cont^tta. 

Now, in th« EandsloneB, the remaioa of uiiincr- 
OQs plants have been found, but they ilo iioL iiiv- 
seat the perfect app^rance that ihey iln wlioii 
found in the shales ; in fact they iippi'nr Iti liiivr 
suffered a certain amount of damii^ lhroii)tIi 
'laving drift«d some distance. TliiM, tuf^othiT 
rith the fact that sandstones are not furniod 
Ear out at sea, justify the safti con elusion that 
lihe land could not have been far off, Wh(trcvi<r 
ttie current-bedding shows itself in this miinni't' 
s may be sure we are oxamiiiing a »iMit from 
' ' h the land in every direction coiiM not havf 
L at a very great diatance, ami aUo lliat, 
" e heavy materials of which un ' ' '" 
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composed codd only be transported by being 
impelled along by currents at the bed of the sea, 
and that in deep water such currents could not 
exist, therefore we may safely decide that the 
sea into which the rivers fell was a comparatively 
shallow one. 

Although the present coal-fields of England an 
divided from one another by patches of othei 
beds, it is probable that some of them were for- 
merly connected with others, and a very wide 
sheet of coal on each occasion was laid down. 
The question arises &s to what was the extent 
of the inland sea or lake, and did it include the 
area covered by the coal basins of Scotland and 
Ireland, of France and Belgium 1 And if these, 
why not those of America and other parts 1 
The deposition of the coal, according to the iheoty 
here advanced, may as well have been brought 
about in a aeries of large inland seas and la^ 
as by one large comprehensive sea, and pro- 
bably the former is the more satisfactory ex- 
planation of the two. But the astonishing part 
of it is that the changes in the level of the 
land must have been taking place simultan- 
eously over these large areas, all hough, of 
course, while one quarter may have been de- 
pressed beneath the sea, another may have been 
raised above it. 

In connection with the question of the con- 
tour of the land during the existence of the large 
lakes or inland seas, Professor Hull has pre- 
pared, in his series of miipa illustrative of the 
I PalKo-Geography of the British Islands, a. r"" 
'imfijig on iacontestible gtounda the t '' 
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Bring the ooat-aga of a gml < 

ridge of high fantd sint 
Dglesea, scrath ot FfiiO, 
bropshire coalfields, to tW i 
orfolk. He regards theF '" 
Kving been laid down ia two, or at m»n tkne^ 
mas of depoeition — one aoatii of tbu lUgt, tike 
snainder to the ncxtb of iL Im repai to the 
itent of the fonner dtpmtm of onl ia IrphiJ, 
TO is every piotnUfiQr t^n tfce Mrttr ialiad 
) jnet u ^roimfalf trealad in tUs mpMi h 
" ' ' Host nnfortrantdT-, Irdaad has 



b grcKt connlttniB of utan at the cioM of 

a TOTf period ef their depo^ioa, a> wcH m ia 

ire recent times, resaltiDg in tlw iwo ri l tt 

u-lj all tiie valoable nppa eariK>tii£erous bed^ 

id. leaving onlj the few nn- 
nportant coal-beds to which 
idkrence has been made. 

We are nnable to beliere in 

B coQtinnitf of onr coal-beds 

th those of America, for the 

sat source of sediment in 
lose times was a continent 
tuated on the site of the 
ilantic Ocean, and it is owing 
) this extensive continent that 

B forms of Jlora found in the 

J-beds in each country bear 

close a resemblance to one ^' 
lother, and also that the en- 
inital limestone which was formed in the 
r depths of the ocean oa tha eaA^ Wamfe , 




vith silt, and formed masBes of ahaly 
impure limeetone in the soutli-wQstem parte of 
Ireland. 

It must be noted that, although we may 
attribute to upheaval fi'om beueatb the fact 
that the bed of the sea became tomporarilj 
I at Ciiuh period into dry land, the de- 
posits of sand or shale would at the same 
time be tending to shallow the bed, and this 
alone would assist tha process of upheaval by 
bringing the land at least very near to tu 
surface of the water. 

Each upheaval, however, could have been but 
% temporary arrest of the great movement of 
crust subsidence which was going on throughout 
the coal period, so that, at its close, when ilie 
last coal fCirest grew upon the surface of the 
land, there had disappeared, in the case of 
South Wales, a thickness of 11,000 feet of 
material. 

Of the many remarkable things in connectjcm 
with coal-beds, not the least is the state of purity | 
in which coal is found. On the floor of each foraat i 
there would be many a streamlet or even small 
r which would wend its way to meet the not 
very distant sea, and it is surprising at first that 
80 little sediment fouud its way into the coal 
itself, 15ut this was cleverly explaiued by Sir 
Charles Lyell, who noticed, on one of his vints 
to America, that the water of the Mississippi, 
around the rank growths of cypress which form 
the " cypress swamps " at the mouths of that 
river, was highly charged with sediment, but 
^ £bA^iiArii;^ passed through thedoaeuadergtOfflilL. _ 
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Mpf the swamps, it issued in almost a pure state, 
Khe sediment which it bore havJDg been filtered 
Kxit of it and precipitated. Tiiis very satis- 
Bpictorily explained how in some places curbon- 
nceous matter might be deposited in a perfectly 
pure state, whilst in others, where sandstone or 
shale was actually forming, it might be impi'eg- 
nated by coaly matter in such a way as to cause 
it to be stained black. In times of flood sedi- 
ment would be brought in, even where pure coal 
had been forminff, and then we should have a 
thin "parting" of sandstone or sliale, which was 
formed when the flood was at its hoigbt. Or 
a slight ainldug of the land might occur, in 
which case also the formation of coal would 
tempo ntrily cease, and a parting of foreign 
matter would bo formed, which, on further up- 
heaval taking place, would again give way to 
another forest growth. Some of the thicker 
beds have been found presenting this aspect, 
such as the South StafTordshire ten-yard coal, 
which in some parts splits up into a dozen or 
so smaller beds, with partings of sediment be- 
tween them. 

In the face of the stupendous movements which 
must have hapjrened in order to briug about 
the successive growth of forests one above 
another on the same spot, the question at once 
ariaea as to Low these movements of the solid 
earth came about, and what was the cause which 
operated in such a manner. Wo can only 
judge that, in some way or other, heat, or the 
withdrawal of heat, hag been the prime motive 
power, We can perceive, from \jba.t ie. vrn-jt 
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going on in Hoine parts of the earth, how great 
an influence it has had in shaping the land, for 
volcanoes owe their activity to the hidden heat 
in the earth's interior, and aiford us an idea of 
the |}0wer of which heat is capable in the matter 
iif building up and destroying continents. No leu 
certain is it that heat is the prime factor in those 
more gradual vertical movements of the land to 
which we have referred elsewhere, but in regard 
to the exact manner in which it acta we are very 
much in the dark. Everybody knows that, in the 
majority of instances, material substances of all 
kinds expand under the influence of heat, and 
contract when the source of heat is withdrawn. 
If we can imagine movements iu the quantity of 
heat contained in the solid crust, the explanation 
is easy, for if a certain tract of land receive an 
accession of heat hene&th it, it is certain that the 
principal effect will be an elevation of the land, 
consequent on the expansion of its materials, with 
^ a subsequent depression when the heat beneath 
H the tract in question becomes gradually lessened. 
H Should the heat be retained for a long period, 

■ the strata would be ao uplifted as to form an 
I anticlinal, or saddle-back, and then, should sub- 
B sequent denudation take place, more ancient 

■ strata would be brought to view. It was thus in 

■ the instance of the tract bounded by the North 
H and South Downs, which were formerly entirely 
H covered by chalk, and in the instance of the 
H uprising of the carboniferous limestone between 
H the coal-fields of Lancashire, Staffordshire, and 
H Derbyshire. 

^^ How the heat-waves act, and the laws, if (my. 

Il 



which they obey in their nnbterranean mDvements, 
we are unable to judg?. From the properties 
which heat possesses we know that its preaeace 
or absence produces marked differences in the 
positions of the strata of the earth, and from 
observations made in connection with the closing 
of some volcanoes, and the opening up of fresh 
earth-vents, we have gone a long way towards 
establishing the probability that there are even 
now slow and ponderous movements taking place 
in the heat stored in the earth's crust, whose 
effects are appreciably communicated to the out- 
tnde of the thin rind of solid earth upon which 
we live. 

Owing to the great igneous and volcanic 
activity at the close of the deposition of the 
carboniferous system of strata, the coal-measures 
exhibit what are known as favils in abundance. 
The mountain limestone, where it outcrops at 
^the surface, is observed to be much jointed, so 
much so that the work of quarrying the lime- 
,fltone is greatly assisted hy the jointed structure 
of the rock. Faults differ from joints in that, 
whilst the strata in the latter are still in re- 
lative position on each side of the joint, they 
have in the former slipped out of place. In 
BUch 3 case the continuation of a stratum on the 
opposite side of a fault will be found to be 
depressed, perhaps a. thousand feet or more. It 
'will be seen at once how that, in sinking a new 
,«haft into a coal-seam, the possibility of an un- 
rfaiown fault has to be brought into consideration, 
the positiott of the seam may prove to have 
depressed to such an extent '<iAUt CBUi&S&_ 
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to be beyond workable depth. Many seams, on 
the other hand, which would have remained 
altogether out of reach of mining operations, 
have been brought within workable depth by a 
aeries of skp-/auli% this being a term applied to 
a series of parallel faults, in none of which the 
amount of down-throw is great. 

The amount of the down-throw, or the slip- 
ping-down of the beds, is measured, verticaUy, 
from the point of disappearance of a layer to an 
imaginary continuation of the same layer from 
where it again appears beyond the fault. The 
plane of a fault is usually more or less inclined, 
the amount of the iaclination being known as 
the hade of the fault, and it is a remarkablB 
characteristic of faults that, as a, general rule, 
they hade to the downthrow. This will be 
more clearly understood when it is explained 
that, by its action, a seam of coal, which is 
subject to numerous faults, can never be pierced ' 
more than once by one and the same boring. 
In mountainous districts, however, there are 
occasions when the hade is to the up-throw, 
and this kind of fault is known as an invetied 
fault. 

Lines of faults extend sometimes for hundreds 
of miles. The great Pennine Fault of England 
is 130 miles long, and others extend for much 
greator distances. The surfaces on both sides of 
a fault are often smooth and highly polished by 
the movement which has taken pLice in the 
strata. They men show the phenomenon known 
as slicken-sides. Many faults have become filled 
■ with cryst&Hhis minexala in. tke {una. ai veil 



of ore, deposited by infiltrating waters percolat- 
ing through the natural fissures. 

Id cDDaidering the formation and structure of 
the better-known coal-bearing beds of the car- 
boniferous age, we must not lose sight of the 
fact that important beds of coal also occur in 
strata of much more recent date. There are 
important coal-beds in India of Permian age. 
There are coal-beds of Liasaic age in South 
Hungary and in Texas, and of Jurassic age in 
Virginia, as well as at Brora in Sutherlandshire ; 
there are coals of Cretaceous age in Moravia,, 
and valuable Miocene Tertiary coals in Hungary 
and the Austrian Alps 

Again, older than t e t ue carboniferous 
age, are the Siluria an h a t f Co, Cavan, 
and certain Norweg an oals ■whilst in New 
South Wales we a e conf onted with an as- 
semblage of coal-bea ng st a a which extend 
Iwparently from the De on an nto Mesozoic 
imies. 

Still, the age we have considered more 
klosely has an unrivalled right to the title, coal 

3earing there not merely as an occasional 
as a marked characteristic of the forma- 

The typos of animal life which are found in 
this formation are varied, and although naturally 
enough they do not excel in number, there ar^ 
yet sufBcient varieties to show probabilities of the 
existence of many with which we are unfamiliar. 
The highest forms yet foimd, show ari advance as 
compared with those from earlier formations, and 
exhibit amphibian characteristic8,.inteT(fie6L\a!w,\«,- 



tween the two great classes of fishes and reptiles. 
Numerous specimens proper to the exticct order 
of lahyrinOwdcm^ 
have been ar- 
ranged into at 
least a score of 
genera, these hav- 
ing been drawn 
from the coal- 
measures of New- 
castle, Edinburgh, 
IvilkenDy, Saar- 
bruck, Bavaria, 
Feunslyvania, and 
elsewhere. The 
Arckegosaurui, , 
which wo have 
figured, and tlie 
Anthracosavruf, 
are forms which i 
appear to have ' 
existed in great \ 
numbers in the i 
swamps and lakes of the age. Tfae fish of I 
the period belong almost entirely to the ancient | 
orders of the ganoids and placoids. Of the 1 
ganoids, the great re/ Uchthys Hibberii ranges I 
throughout the whole of the system, Wondenul I 
accumulations of fish remains are found at the J 
base of the system, in the bone-bed of the ] 
Bristol coal-field, as well as in a similar bed at 
Armagh. Many fishes were armed with powerful 
conical teeth, but the majority, like the 
I'ort Jackson shark, -wetft posseaaed of 




existing | 
massive I 



L ymW OF OOAL-BaABtMO STRATA. C5 

aited ia Bome cases for crushing, and in 

' cutting. 

mountain limestone we eee, of course, 

ominanee of marine types, encrinital 

irming 




n the shore. But next to the eno-iniies, 
i are the most important and persistcDt, 

most beautiful forms 
lie of giving polished 
:e sections, are in 
e. Pdyzoa are well 
ad, of which the 
(fenesiella) and 
al {arehimedopora) are 
Cephalopoda are le- 
, by the mthoeeras, 
a five or six feet long, 
liites, the forerunner 

familiar ammonite. 
ecieg of brachiopods 
oellibranchs ate met 
ng^ila, most persistent 
it all geological time, - 
nt in the coal-shalea, 

in the limestones. 
ten ia there abuuda-ut aXsa. \ix.'^ 




i-es 
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the trilobites 




I mountaiii limestone the 1 
I {PhiUipsia) is found. 

We have evidence of the existence in the foreaba 
of a variety 

of ceyiUpede, 

having been 
found in the 
erect stump of 
a. hollow tree, 
although the 
fossil is an ex- 
tremely rare 
one. The 
same may be 
said of the 
only two 
species of 
land-snail 
which have been found connected with the coal 
forests, viz., pupa irlnsia and xonites pi'ismis, both 
discoveml in the oHlTs of Nova Scotia. These 
are sufiicient 
to demoQ- 
I strate that 
I the fauna of 
the period 
had already 
reached a 
high stage of development In the estuaries 
of the day, masses of a species of freshwater 
ausael (anlh-acosia) were in existence, and these 
Imve left their remains in the shape of exten- 
^re beda of shells. They are familiar to the 
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'miner as mussel-hfnds, and are as noticeabLe a 
of this loDg ago period, aa are the 




iggr^ationa of mussels ( 
preeent day. 



every coast at the 



CHAPTER III. ^^ 

VARIOUS FORMS OF COAL AND CARBON. 

In considering the various forms and combino- 
liong into which coal enters, it is necessary that 
■we should obtain a clear conception of what the i 
«abstance called "carboa" is, ani S.\a "cis,\»i.% weSi. 
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properties generally, since this it is which forms 
Hnch a Urge percentage of all kinds of coal, and 
which indeed forms the aciual basis of it. In tlie 
shape of coke, of course, we have a fairly pare 
form of carbon, and this being produced, as we 
(ball see presently, by the driving off of the vola- 
tile or vaporous conEtituents of coal, we are able 
to perceive by the reaiduo how great a propor- 
tion of coal consists of carbon. In fact, the two 
almost an identical meaning in the popular 
mind, and the fact that the great mosses of 
strata, in which are contained our principal and 
■ valuable seama of coal, are termed " carboni- 
is," from the Latin earbo, coal, and fero, I 
bear, tends to perpetuate the existence of the 
ideji. — 

There is always a certain, though slight, quan- 
tity of carbon in the air, and this remains fairly 
constant in the open country. Small though it 
may be in proportion to the quantity of pure air 
in which it is found, it is yet sufficient to provide 
the carbon which is necessary to the growth 
of vegetable life. Just as some of the animals 
known popularly as the xoopkytes, which are 
attached during life to rocks beneath the sea, 
are fed by means of currents of water which 
bring their food to them, so the leaves, which 
inhale carbon-food during the day through their 
nnder-surfaoes, are provided with it by means 
of the currents of air which are always circulat- 
ing around them ; and while the fuel is being 
'*W[en in beneath, the heat and light are being 
tceived from above, and the sun supplies the 
"*^"«) power to digestion. 



I 



It IB assumed that it is within the knowledge 
of all that, for the origin of the various seams and 
bede of coaly combinations which exist in the 
earth's crust, ive must loob to the vegetable world. 
If, however, we could go so far back in the world's 
history as the period when our incandescent orb 
had only just severed connection with a gradn- 
ally-diminiBhing sun, we should probably find 
the carbon there, but loclied up in the bonds of 
chemical affinities with other elements, and exist- 
ing therewith in a gaseous condition. But, as 
the solidifying process went on, and as the veget- 
able world afterwards made its appearance, the 
carbon became, so to speak, wrenched from its 
combinations, and being absorbed by trees and 
plants, finally became deposited amongst the 
ruins of a former vegetable world, and ia now 
presented to us in the form of coal. 

We are able to trace the gradual changes 
through which the pasty mass of decaying vege- 
tation passed, in consequence of the fact that we 
have this material locked up in various stages of 
carbonisation, in the strata beneath our feet. 
These we propose to deal with individually, in as 
unscientiiic and untechnical a manner as pos- 
Bible. 

First of all, when a mass of vegetable matter 
commences to decay, it soon loses its colour. 
There is no more noticeable proof of this, than 
that when vitality is withdrawn from the leaves 
of autunm, they at once commence to assume a 
rusty or an aahen colour. Let the leaves but fall 
lo the ground, and be exposed to the early frosts 
of October, the damp miats au4 Ta.vK6 ol ^liNwtfir 



rosts J 
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ber, and the rapid chiinge of colour Is at ohm 
appareuL Trodden under foot, they soon assmne 
a dirty blackish hae, and even when removed 
tbey leave a carbonaceous trace of them- 
selves behind them, where they had rested. 
Another proof of the rapid acquisition of their 
coaly hoe is noticeable in the spring of the year. 
When the trees have burst forth and the buds 
are rapidly opening, the cases in which the buds 
of sudi trees as the horse-chestnut have been 
enclosed will be found cast off, and strewing the 
path beneath. Moistened by the rains and the 
damp night-mists, and trodden under foot, these 
cases assume a jet black hue, and are to all appear- 
ance like coal in the very first stages of formation. 
But of course coal is not made up wholly and 
only of leaves. The branches of trees, twigs 
of all sizes, and sometimes whole tnmks of 
trees are found, the last often remaining in their 
upright position, and piercing the strata which 
have been formed above them. At other times 
they lie horizontally on the bed of coal, having 
been thrown down prei-iously to the formation 
of the shale or sandstone, which now rests upon 
them. They are often petrified into solid sand- 
stone themselves, whilst leaving a rind of coal 
where formerly was the bark. Although the 
trunk of a tree looks so very different to tlie 
leaves which it bears upon its branches, it is only 
naturally to be supposed that, as they are both 
built up after the same manner from the juices of 
the earth and the nourishment in the atmosphere, 
they would have a similar chemical composition. 
jOae veiy palpable proof of the carbonaceous 



VAHI0U3 lOBHS tS COAL iXb OASBON. 71 

character of tree-trunka auggeats itself. Take in 
your hand a few dead twigs or sticks from which 
the leaves have long since dropped ; pull away 
the dead parts of the ivy which has been creeping 
over the eummer-honse ; or clasp a gnarled old 
monster of the forest in your arms, and you will 
quickly find your hand covered with a black 
smut, which is nothing but the result of the first 
Btage which the living plant has made, in its 
progress towards its condition as dead coal. But 
an easy, though rough, chemical proof of the 
constituents of wood, can be made by placing a 
few pieces of wood iu a medium-sized test-tube, 
and holding it over a flame. In a short time a 
certain quantity of steam will be driven off, next 
the gaseous constituents of wood, and finally 
nothing wiU be left but a few pieces of black 
brittle charcoal The jirocess is of course the 
same in a fire-grate, only that here more complet-) 
combustion of the wood takes place, owing to 
its being intimately exposed to the action of the 
flames. If we adopt the same experiment with 
some pieces of coal, the action is similar, only that 
in this case the quantity of gases given off is not 
80 great, coal containing a greater proportion of 
carbon than wood, owing to the fact that, during 
its long burial in the bowels of the earth, it has 
been acted upon in such a way as to lose a great 
pMt of its volatile constituents. 

Prom processes, therefore, which are to be 
seen going on around us, it is easily possible to 
satisfy oitreelves that vegetation will in the long ^ 
run undergo such changes as will result in thA| 
formation of coal. 
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t There are certain parts in most countries, and 
particularly in Ireland, n'here masses of vegetation 
have undergone a still further stage in meta- 
morphism, namely, in the well-known and famous 
peat-hoga. Ireland is paj' excelknfe the land 
of bogs, some three millions of acres being said 
to be covered by them, and they yield an almoBt 
inexhaustible supply of peat. One of the peat- 
bogs near the Shannon is between two and three 
miles in breadth and no less than hfty in length, 
whilst its depth varies from 13 feet to as much 
as 47 feet. Peat-bogs have in no way ceased to be 
formed, for at their surfaces the peat-moss grows 
afresh every year ; and rushes, horse-tails, and 
reeds of all descriptions grow aud thrive each year 
upon the ruins of their ancestors. The formation 
of such accumulations of decaying vegetation 
would only be possible where the physical con- 
ditions of the country allowed of an abundant 
rainfall, and depressions in the surface of the 
land to retain the moisture. Where extensive 
deforesting operations have taken place, peat-bogs 
have often been formed, and many of those la 
existence in Europe undoubtedly owe their forma' 
tion to that destruction of forests which went on 
under the sway of the Komans. Natural drainage 
would soon be obstructed by fallen trees, and the 
formation of marsh-land would follow; then with 
the growth of marsh-plants aud their successive 
annual decay, a peaty mass would collect, which 
would quickly grow in thickness without let or 
'lind ranee. 

Itt considering the existence of inland peat- 
_ I, we must not lose sight of the fact that there 
» aabterr^eaji foreat-liedB on. NaTvcui*. ya-tWi^ 
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Inr coasts, which also rest upon their ons beds of 
peaty matter, and very pOBsiblf, when in the 
fnture they are covered up by marine deposits, 
they will have fairly started on their way towards 
becoming coa). 

Peat-bogs do not wholly consist of peat, and 
nothing el^e. The trunks of such trees as the 
oak, yew, and fir, are often found mingled with 
the remains of mosses and reede, and these often 
assume a decidedly coaly aspect. From the 
famous Bog of Allen in Ireland, pieces of oak, 
generally known as " bog-oak," which have been 
buried for generations in peat, have been ex- 
cavated. These are as black as any coal can well 
be, and are sufGciently hard to allow of their 
being used in the manufacture of brooches and 
other ornamental objects. Another use to which 
peat of some kinds has been put is in the manu- 
facture of yarn, the result being a material which 
is said to resemble brown worated. On digging 
a ditch to drain a part of a bog in Maine, U.S., 
in which peat to a depth of twenty feet had 
accumulated, a substance similar to cannel coal 
itself was found. As we shall see presently, 
cannel coal is one of the earliest stages of true 
coal, and the discovery proved that under certain 
conditions as to heat and pressure, which in this 
case happened to be present, the materlab which 
form peat may also be metamorphosed into true 
coal. 

Darwin, in his well-known "Voyage in the 
Beagle," gives a peculiarly interesting description 
of the condition of the peat-beds in the Chonos . 
Archipelago, ofi' the ChUian coast, and of their 



mode of fonnatioa. " In theae islands," he says, 
"cryptogamic plaDta fiad a most congenial climate, 
and witEin the forest the number of Bpecies and 
great abundance of mosses, lichens, and small 
fernB, is quite extraordinary. In Tierra del Fuego 
every level piece of land is invariably covered by 
a thick bed of peat. In the Chouos Archipelago 
where the nature of the climate more cloam 
approacheE that of Tierra del Fuego, every patui 
of level ground is covered by two species of plants 
(Astelia pumila and Dotialta meiidlanka), which 
by their joint decay compose a thick bed of elastic 
peat. 

"In Tierra del Fuego, above the region of wood- 
land, the former of these eminently sociable plants 
is the chief agent in the production of peat. Fresh 
leaves are always succeeding one to the other 
round the central tap-root ; the tower ones soon 
decay, and in tracing a root downwards in the 
peat, the leaves, yet holding their places, can be 
observed passing through every stage of decom- 
position, till t!ie whole becomes blended in one 
confused mass. The Astelia is assisted by a fev 
other plants, — here and there a small creeping 
I Myrtus {M. nummular ia), with a woody stem 

like our cranberry and with a sweet berry, — 
an Erapetnim {K ruhnwi), like our heath', — a 
rush (Jjincns grandiflorus), are nearly the only 
ones that grow on the swampy surface. These 
I plants, though possessing a very close general 

I resemblance to the English species of the same 

fe genera, ai-e different. In the more level parts of 
H the country the surface of the peat is broken up 
^^ into litfJe pools of water, which stand at diffenmt 

WL 
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heights, and appear is if artificially excavated. 
Small streams of water, flowing underground, 
complete the diaorgaiiisation of the vegetable 
matter, and consolidat* the whole. 

" The climate of the southern part of America 
appears particularly favourahle to the production 
of peat. In the Falkland Islands almost every 
kind of plant, even the coarse grass which 
covers the whole surfaoe of the land, hecomes 
converted into this substance : scarcely any 
situation checks its growth; some of the beds 
are as much as twelve feet thick, and the 
lower part hecomes so solid when dry that it 
will hardly burn. Although every plant lends 
its aid, yet in most parts the Astelia is the 
most efficient. 

" It is rather a singular circumstance, as being 
so very different from what occurs in Europe, 
that I nowhere saw moss forming by its decay 
any portion of the peat in South America. 
With respect to the northern limit at which the 
climate allows of that peculiar kind of slow 
decomposition which is necessary for its produc- 
tion, I behevo that in Chiloe (lat. 41° to 43°), 
although there is much swampy ground, no well 
characterised peat occurs ; but iu the Chonos 
Islands, three degrees farther southward, we 
have seen that it is abundant. On the eastern 
coast in La Plata (iat. 35°) I was told by a 
Spanish resident, who had visited Ireland, that 
he had often sought for this substance, but had 
never been able to find any. He showed me, as 
the nearest approach to it which he had dis- 
covered, a black peaty soil, 80 peaetiated with. 
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roots aa to allow of an extremely alow and 
imperfect combustion." 

The next stage in the making of coal ia one ia 
which the change has proceeded a long way from 
1 iie startiug-poiiit. Lignite is the name which 
has been applied to a form of impure coal, which 
sometimes goes under the name of " brown coal" 
]t is not a true co»l, and is a very long way from 
that final stage to which it must attain ere it 
takes rank with the most valuable of earth's pro- 
ducts. From the very commencement, an action 
has being going on which has caused the amount 
of the gaseous constituents to become less and 
less, and which has consequently caused Uie 
carbon remaining behind to occupy an in- 
creasingly large proportion of the whole mass. 
So, when we arrive at the lignite stage, we 
iind that a considerable quantity of volatile 
matter has already boQn parted with, and that 
the carbon, which in ordinary living wood is 
about BO per cent, of the whole, has already 
increased to about 67 per cent. In most lignites 
there is, as a rule, a comparatively targe propor- 
tion of sulphur, and in such cases it is rendered 
useless as a domestic fuel. It has been osed as a 
fuel in various processes of manufacture, and the 
lignite of the well-known Bovey Tracey beds has 
been utilised in this way at the neighbouring 
potteries, Aa compared with tnie coal, it ia 
distinguished by the abundance of smoke which 
it produces and the choking sulphurous fames 
which also accompany its combustion, but it is 
largely used in Germany as a useful source of 
paraffin and illuminating oils. In Silesia, Saxony, 



' VARIOUS FORHS t» OOAI. AND CARBON. 



17 



bud in the Jistrict itbout Bona, liti^e quantities 
Bsf lignite are mined, and used as fuel. Large 
Btorea of lignite are known to exist in the Weuld 
Hpf the south-east of England, and although the 
Bnining operations which were carried on at 
K)ite lime at Heathfield, Bexhill, and other 
Rtlaces, were failures so far as the actual dis- 
Eovery of true coal was concerned, yet there 
Bean be no doubt as to the future value of the 
Bignite in these parts, when England's supplies of 
noal approach exhaustion, and attention is turned 
■to other directions for the future source of her 
Has and paratRn oils. 

w Beside the Boyey Traccy lignitic beds to which 
I Tre have above referred, other tertiary clays are 
Lfbund to contain this early promise of coal. The 
■A)c»ie beds of Brighton ore an important instance 
K^ a tertiary lignite, the seam of stirlurhraiul, as 
Kt is locally called, being a somewhat extensive 
Ue posit. 

■ We have now closely approached to true coal, 
Bud the next step which we shall take will be to 
Bonsider the varieties in which the black mineral 
Ktself is found. The principal of these varieties 
' are as follows, agalust each being placed the aver- 
h age proportion of pare carbon which it contains : — 

' Splint or Hard Coal, 83 per cent. ; 

Cannel, Candle or Pairott Coal, 84 per cent. ; 

Cherry or Soft Coal, So per cent. ; 

Common Bituminous, or Caking Coal, 88 per 

cent ; 
Anthracite, Blind Coal, Culm, Glance, or Stone 

Coal, from South Wales, 93 
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Ab far as the gas-mating properties of ■ . ^_ 
three are concerned, the relative proporti(^r.__^, 
carbon and volatile products are much the same. 
Everybody knows a piece of cannel coal when it 
is seen, how it appears almost to have been once 
in a molten condition, and how it breaks with a 
concfaoidal iracture, as opposed to the cleavage 
of bituminous coal into thin layers ; and, mMt 
apparent and most noticeable of all, how it doe» 
not soil the hands after the manner of ordinary 
coal. It is at times so dense and compact that 
it has been fashioned into ornaments, and is 
capable of receiving a polish like jet. From the 
lai^e percentage of volatile products which it 
contains, it is greatly used in gasworks. 

Calcing coal and the varieties of coal which 
exist between it and anthracite, are familiar to 
every householder; the more it approaches the 
composition of the latter the more difficult ItistA 
get it to burn, but when at last fairly alight it 
gives out great heat, aod what is more important, 
a less quantity of volatile constituents in the shape 
of gas, smoke, ammonia, ash and sulphurous acid. 
For this reason it haa been proposed to compel 
consumers to adopt anthracite as the domestic coal 
by Act of Parliament. Certainly by this means 
the amount of impurities in the air might be 
appreciably lessened, but as it would involve the 
reconstruction of some millions of fire-places, and 
an increase in price in consequence of the general 
demand for it, it is not likely that a government 
would be so rash as to attempt to pass such a 
measure ; oven if passed, it would probably soon 
I become as dead and obsolete Q,ad impotent as 



many laws with which our ancestors 
ipted, first to arrest, and then to curb the 
'l in the use of coal of any sort. Anthra- 
not a "homely" coal. If we use it alone 
not give na that bright and cheerful blaze 
English- speaking people like to obtain 
their fires. 

significant fact, and one which proves 
the various kinds of coal which are found 
nothing but stages begotten by different 
lea of disentanglement of the contained gases, 
irhere, as in some parts, a mass of basalt has 
into contact with ordinary bituminous coal, 
m1 has assumed the character of anthracite, 
the change has in some instances gone so 
to convert the anthracite into graphite, 
jaealt, which is one of the igneous rocks, has 
enipted into the coal-aeam in a state of 
1, and the heat contained in it has been 
lent to cause the disentanglement of the 
, the extraction of which from the coal 
ji about the condition of anthracite and 
lite. 
mention of graphite brings us to the next 
Graphite, plumbago, or, as it is more 
ianXy called, black-lead, which, wo may say 
Baing, has nothing of lead about it at all, is 
known in the shape of that very useful and 
Bpolitan article, tlie black-lead pencil. This 
HI purer carbon than anthracite, not more 
B per cent, of ash and other impurities being 
nt. It is well-known by its grey metallic 
ft ; the chemist uses it mixed with fire-clay 
ko bis crucibles ; the engineeT uaea Id,, &\\alY 
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powdered, to lubricate his machinery; the house- 
keeper uses it to " black-lead " her stoves to pi^ 
vent them from ruating. An imperfect graphite 
is found inside some of the hottest retorts from 
which gas is distilled, and this is used as the 
negative element in zinc and carbon electrieity- 
making cells, whilst its use as the electrodes or 
carbons of the arc-lamp is becoming more and 
more widely adopted, as inatallations of electric 
light become more general. 

One great source of true graphite for many 
years was the famous mine at Borrowdale, in 
Cumberland, but this is now almost exhausted. 
The vein lay between strata of slate, and wu 
from eight to nine feet thick. As much is 
£100,000 is said to have been realised from it 
in one year. Extensive supplies of graphite 
are found in rocks of the Laurentian age in 
Canada. In this formation nothing which cm 
undoubtedly be classed as organic has yet been 
discovered. Life at this early period must have 
found its home in low and humble forms, and if 
the eo^oim of Dawson, which has been thought to 
represent the earliest type of life, turns out after 
all not to be organic, but only a deceptive 
appearance assumed by certain of the strata, we 
at least know that it must have been in similarly 
bumble forma that life, if it existed at all, did 
then exist. We can scarcely, therefore, expect 
that the vegetable world had made any great 
advance In complexity of organism at this time, 
otherwise the supplies of graphite or plumbago 
which are found in the formation, would be 
attributed to dense forest growths, acted upon, 



: deatfa, in a simUar manner to that which 
iited the vegetatioD which, ages afler, went. 

form beds of coal. At present wr know 
BO source of carbon except through the iiiter- 
■tion and the chetntcU action of plants. Like 
B, carbon is seldom foand on the earth except 

combination. If there were no growth of 
eetation at this far-away period to give rise 

these deposits of graphite, we are compelled 

ask ourselves whether, percliance, there did 
\ then exist conditions of which we are not 
cognisant on the earth, and which allowed 
kphite to be formed without assistance from 
vegetable kingdom. At present, how- 

r, science is in the dark as to any other 
, of its formation, and we are left to 
nime that the vegetable gi-owth of the time 
IS enormous in quantity, although there is 
thing to show the kind of vegetation, whether 
uble mosses or tall forest trees, which went 
constitute the masses of graphite. Geologist) 
11 agree that this is no small assDmption to 
nke, since, if true, it may show that there was 

abtutdance of vegetation at a time when 
lal life was hidden in one or more very 
■cure forms, one only of which has so far been 
tectedj and whose very identity ia strongly 
ubted by nearly ail competent judges. At 
B same time there may have been an abundance 

both animal and vegetable life at the time. 
e must not forget that it is a well-ascertained 

1 that in later ages, the minute seed-spores 

forest trees were in such abundance as to 
rm important seams of coal in the true car- 
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boniferoas era, the treea which gave bin 
them being bow classed amongst the hnm 
criipiogams, the ferns, and fl 
moaaes, &c. The graphi^ 
Laiirentian age may not -I 
probably have been cauee 
deposits of minute portioi 
similar lowly epecimenB 1 
vegetable life, and if the et 
the " dawn -animalcule," 
represent the animal life of tl _ 
time, life whose types were too 
minute to leave undoubted 
traces of their existence, both 
animal life and vegetable life 
itaS"'^«p"'™^i^™ro"i "nay be looked upon as eadat- 
bark it > KiMt ciob- jng gije by aide in extremely 
bumble forms, neither as yet 
having taken an undoubted step forward in ad- 
vance of the other in respect to complexity of 
organism. 

There is but one more form of carbon with 
which we have to deal in running through 
the series. We have seen that coal is not Me 
siimmvm bomim of the series. Other transforma- 
tions take place after the stage of coal is reached, 
which, by the continued disentanglement of 
gases, finally bring about the plumbago stage. 
What the action is which transforms plumbago 
or some other form of carbon into the condition 
of a diamond cannot be stated. Diamond is the 
purest form of carbon found in nature. It is a 
beautiful object, alike from the results of its 
powers of reirat^ion, as also from the form into 



fWmsS CFF COAL AND OABBON. 8Z 

Euch Its carbon has been cryBtallised. How 
Nature, in her wonderful laboratory, has precipi- 
tated the diamond, with its wonderful powers of 
spectrum analysis, we cannot say with certainty. 
Certain chemists have, at a great expense, pro- 
duced crystals which, in every respect, statid the 
testa of true diamonds ; but the process of their 
production at a great expense has in no way 
diminished the value of the natural product. 

The process by which artificial diamonds have 
been produced is so interesting, and the subject 
may prove to be of so great importance, that a 
few remarks npon the process may not be un- 
acceptable. 

The experiments of the great French chemist, 
Damas, and others, satisfactorUy proved the fact, 
which has ever since been considered thoroughly 
established, that the diamond is nothing but 
carbon crystallised in nearly a pure state, and 
many chemists have since been engaged in the 
hitherto futile endeavour to turn ordinary carbon 
into the true diamond. 

Despretz at one time considered that he had 
discovered the process, which consisted in hia case 
of submitting a piece of charcoal to the action of 
an electric battery, having in his mind the similar 
process of electrolysis, by ■which water is divided 
up into the two gasee, hydrogen and oxygen. He 
obtamed a microscopic deposit on the poles of the 
battery, which he pronounced to be diamond dust, 
but which, a long time after, was proved to be noth- 
ing but graphite in a crystallised state. This was, 
however, certainly a step in the right direction. 

The honour of first accampliahing tVi^ Xiaa^^j^ 
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to Mr Hannay, of Glasgow, wlio Bucceeded ii 
producing very small but comparatively soft 
diamonds, by heating lampblack under great 
pressure, in company with one or two other in- 
gredients. The process was a costly one, and 
beyond being a great scientific feat, the discoveiy 
led to little result. 

A young French chemist, M, Henri Moissan, 
has since come to the front, and the diamonds 
which he has produced have stood every test for 
the true diamond to which they could be snb- 
jected ; above all, the density of the product is 
3.5, i.e., that of the diamond, that of graphite 
reaching 2 only. 

He recognised that in all diamonds which he 
had consumed — and he consumed some £150 
worth in order to assure himself of the fact — there 
were always traces of iron in their composition. 
He saw tiat iron in fusion, like other metals, 
always dissolves a certain quantity of carbon. 
Might it not be that molten iron, cooling in the 
presence of carbon, deep in volcanic depths where 
there was little scope for the iron to expand in 
aaauming the solid form, would exert such tre- 
mendous pressure upon the particles of carboa 
which it absorbed, that these would assume the 
crystalline state ? 

He packefl a cylinder of soft iron with the 
carbon of sugar, and placed the whole in a 
crucible filled with molten iron, which was raised 
to a temperature of 3000° by means of an electric 
furnace. The soft cylinder melted, and dissolved 
a large portion of the carbon. The crucible was 
" vwn into water, and & mt^a of «iUd iron wm 



^fc a large poi 
^L^rowniat 



v^m^ 



S a COAL And cakbon. 



formed. It was allowed further to cool in the open 
air, bat the expansion which the iron would have 
uodergono on cooling, was checked by the crucible 
which contained it, The result was a tremendous 
pressure, during which the carbon, which was atill 
dissolved, was crystallised into mioute diamonds. 
These showed themselres as minute points which 
were easily separable from the mass by the action 
of acids. Thus the wonderful transformation 
from sugar to the diamond was accomplished, 

It should be mentioned that iron, silver, and 
water, alone possess the peculiar property of 
expanding when passing from the liquid to the 
solid state. 

The diamonds so obtained were of both kinds. 
The particles of white diamond resembled in every 
respect the true brilliant. But there was also an 
appreciable quantity of the variety known as the 
" black diamond." These diamonds seem to 
approximate more closely to carbon as we are 
most familiar with it. They are not considered 
as of such value as the transparent form, but 
they are still of considerable commercial value. 
The wrhimado, as this kind is called, possesses so 
great a degree of hardness that by means of it it is 
possible to bore through the hardest rocks. The 
diamond drill, used for boring purposes, is fur- 
nished around the outer edge of the cylinder of 
the "boring bit," as it is called, with perhaps a 
dozen black diamonds, together with another 
I TOW of Brazilian diamonds on the inside. By 

tthe rotation of the boring tool the shatp edges 
of the diamonds cut their way through rocks 
of all degrees of hardneBS, leaving a core of 
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the rock cub through, in the centre of tlie 
cylindrical drill. It is found that the durahility 
of the natural edge of the diamond is far greater 
than that of the edge caused by artificial catling 
and trimming. The cutting of a pane of glass 
by meaos of a ring set with an arti£cially-cttt 
diamond, cannot therefore be done without injur 
ing to a slight extent the edge of the stone. 

The diamond is the hardest of all known sub- 
stances, leaving a scratch on any substance across 
which it may be drawn. Yet it is one whose 
form can be changed, and whose hardness oan be 
completely destroyed, by the simple process of 
combustion. It can be deprived of its high lustre, 
and of its power of breaking up by refiactionthe 
light of the eun into the various tints of the solar 
spectrum, simply by heating it to a red heat, and 
then plunging it into a jar of oxygen gas. It 
immediately expands, changes into a coky man, 
and burns away. The product left behind is a 
mixture of carbon and oxygen, in the proportions 
in which it is met with in carbonic-anhydride, 
or, carbonic acid gas deprived of its water. This 
is indeed a strange transformation, from the moet 
valuable of all our precious stones to a compound 
which is the same in chemical constituents as 
the poisonous gas which we and all animals 
«xhale. But there is this to be said. Pro- 
bably in the far-away days when the diamond 
began to be formed, the tree or other vegetable 
"jrodnct which was its far-removed ancestor 
tracted carbonic acid gas from the atmosphere, 
it as do our plants in the present day. By 
'.is means it obtained the carbon wherewith 
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to build up its tissues. Thus the combustion of 
the diamood into carbonic-anhydride now is, after 
all, only a return to the same compound out of 
vhich it was originallj formed. How it was 
formed is a secret : probably the time occupied in 
,the formation of the diamond may be counted by 
centuries, but the time of its re-transformation into 

mass of coky matter is but the work of seconds I 

There is another form of carbon which was 
formerly of much greater importance than it is 
Slow, and which, although not a natural product, 
is yet deserving of some notice here. Charcoal 
IB the substance referred to. 

In early days the word " coal," or, as it was 
:alsQ spelt, " cole," was applied to any substance 
frhich was used as fuel ; hence we have a refer- 
ence in the Bible to a " fire of coals," so translated 
when the meaning to be conveyed was probably 
not coal as we know it. Wood was formerly 
known as coal, whilst charred wood received the 
name of charred-coal, which was soon corrupted 
into charcoal. The charcoal-burners of years 
gone by were a far more flourishing community 
than they are now. When the old baronial 
Italle and country-seats depended on them for 
the basis of their fuel, and the log was a 
more frequent occupant of the fire-grate than 
now, these occnpiei-s of midforest were a people 
of some importance. 

We must not overlook the fact that there is 
another form of charcoal, namely, animal char- 
coal or bone-black. This can be obtained by 
heating bones to redness in closed iron vessels. 
In the refining of raw sugar the discoloration c 
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the syrup ia brought about by filterisg it throDgli 
animal- charcoal ; by this means the eyrup is 
rendered colourless. 

When properly prepared, charcoal exhibits 
very distinctly the rings of atmual growlh 
which may have characterised the vood 
from which it was formed. It is very light in 
consequence of its porous nature, and it is won- 
derfully indestructible. 

But its greatest, because it is its tnoet nsefal 
property, is undoubtedly the power which it 
has of absorbing great quantities of gas into 
itself. It is in fact what may be termed an all- 
round purifier. It is a deodoriser, a disinfectant, 
and a decoloriser. It is an absorbent of bad 
odours, and partially removes the smell from 
tainted meat. It has been used when offensive 
manures have been spread over soils, with the 
same object in view, and its use for the purifica- 
tion of water is well known to all users of filters. 
Some idea of its power as a disinfectant may 
be gained by the fact that one volume of wood- 
charcoal will absorb no leas than 90 volumes of 
ammonia, 35 volumes of carbonic anhydride, and 
65 volumes of sulphurous anhydride. 

Other forms of carbon which are well-known 
are (1) coke, the residue left when coal has been 
subjected to a great heat in a, closed retort, but 
from which all the bye-products of coal have been 
allowed to escape; (2) soot and lamp-black, the 
former of which is useful as a manure in conae- 
of ammonia being present in it, whilst the 
ir ia a specially prepared soot, and is used in 
~~ inuEacture of Indian ink and printers' ink< 




CHAPTER IV. 

THE COilr-MINE AWD ITS DANa&Rii. 

$1 is aomevfaat strange to think that where once 
existed the Eolitudes of an ancient carbouiferons 
t now is the site of a busy underground 
.town. For a town it really ia. The various 
Toads and passages which are cut through the 
solid coal as excavation of a coal-mine proceeds, 
represent to a stranger all the intricacies of a well- 
planned town. Nor is the extent of these under- 
ground towns a thing to be despised. There is 
an old pit near Newcastle which contains not 
liees than fifty miles ofpass^es. Other pits there 
are whose main thoroughfares in a direct line 
lot less than four or five miles in length, and 
this, it must be borne in mind, is the result of 
excavation wrought by human hands and human 
I labour. 

So great an extent of passages necessarily 
requires some special means of keeping the ai;: 
within it in a pure state, such as will render it 
fit for the workers to breathe. The further one 
.would go from the main thoroughfare in such a 
.^ine, the less likely one wouJd be to find air of 
lAufficient purity for tho purpose. It is as a 
consequence necessary to take some special steps 
to provide an efficient system of ventilation 
throughout the mine. This is effectually done 
by two shafts, called respectively the downcast 
and the upcast shaft. A shaft is in reality a very 
I deep well, and may be circular, rectangular or 
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oval in form. In order to keep out water ' 
may be struck in passing through the 
strata, it is protected by plank or wood tabbing 
or tlie shaft is bricked over, or eometimea even 
cast-iron segments are sunk. In many ehafb 
which, owing to their great depth, pass through 
strata of every degree of looseness or viscosity, 
;ill three methods are utilised in turn. In West- 
phalia, where coal is worked beneath strata of 
more recent geological ago, narrow shafts hare 




been, in many cases, sunk by means of boring 1 
apparatus, in preference to the usual process m 
'excavation, and the practice has since been 
adopted in South Wales. In England the usual 
form of the pit is circular, but elliptical and 
rectangular pits are also in use. On the Conti- 
nent polygonal- shaped shafts are not uncommon, 
all of them, of whatever shape, being constructed 
, with a view to resist the great pressure exerted 
y the rock around. 
If there be one of these shafta at one end of 



THE COAL-MINK AND ITS DANGKHS. 91 

Lhe mine, and another at a remote distance fmm 
It, a movement of the air will at once begin, nnd 
a rough kind of ventilation will ensue. This is, 
bowever, quite inaufficient to provide the neces- 
mry quantity of air for inhalation by the army 
of workers in the coal-mine, for the current thua 
Bet up dooB not even provide sufficient force to 
remove the effete air and impurities which 
accumulate from hundreds of perspiring human 
bodies. 

It is therefore necessary to introduce some arti- 
ficial means, by which a strong and regular cur- 
rent shall pass down one shaft, through the mine 
in all its workings, and out at the other shaft. 
This is accomplished in various wiiys. It took 
many years before those interested in mines 
came thoroughly to understand how properly to 
secure ventilation, and in bygone days the system 
was so thoroughly bad that a tremendous amount 
of sickness prevailed amongst the miners, owing 
to the poisonous eflfecte of breathing the same air 
over and over again, charged, as it was, with 
more or less of the gases given off by the coal 
itself. Now, those miners who do so great a 
part in fnrnishing the means of warming our 
houses in winter, have the best contrivances which 
can be devised to fnrnish them with an ever- 
flowing current of fresh air. 

Amongst the various mechanical appliances 
which have been used to ensure ventilation may 
bo mentioned pumps, fans, and pneumatic screws. 
There is, as we have said, a certain, though 
idight, movement of the air in the two columns 
prhich constitute the upcast and the downcast 
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shafts, but in order that a current may Sow wMch 
shall be equal to the necessities of the minen, 
some means are necessary by which this condition 
of almost equilibrium shall be considerably dis- 
turbed, and a current created which shall sweep 
all foul gases beibre it. One plan was to force 
fresh air into the downcast, which should in > 
sense push the fcetid air away by the upcast 
Another was to exhaust the upcast, and so draw 
the gases in the train of the exhausted air. In 
other cases the plan was adopted of providing 
a continual falling of water down the downcast 
shaft. 

These various plans have almost all given way 
to that which is the most serviceable of all, 
namely, the plan of having an immense furnace 
constantly burning in a specially -constructed 
chamber at the bottom of the upcast. By this 
means the column of air above it becomes rare- 
fied under the heat, and ascends, whilst the 
cooler air from the downcast rushes in and 
spreads itself in all directions whence the bad 
air has already been drawn. On the other 
hand, to so great a state of perfection have 
ventilating fans been brought, that one was 
recently erected which would be capable of 
changing the air of Westminster Hall thirty 
times in one hour. 

Having procured a current of sufficient power, 
it will be at once understood that, if left to 
its own will, it would take the nearest path 
rhich might lie between its entrance and its 
uid, in this way, ventilating the principal 
oiJy, would leave all the many oS'-shooti 
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from it undisturbed. It ie consequently mani- 
pnlatad by meaoa of banders aud tight-fitting 
doorB, in such a way that the current is bound 
in turn to traverse every portion of the mine. 
A large number of boys, known aa trappers, are 
employed in opening iho doors to all comers, and 
in carefully closing the doors immediately after 
they have passed, in order that the current may 
not circulate through passages along -which it is 
not intended that it should pti&s. 

The greatest dangers which await the miners 
are those which result, in the form of terriblu 
explosions, from the presence of inflammable 
gases in the mines. The great walls of coal 
which bound the passages in mines are con- 
stantly exuding supplies of gas into the air. 
When a bank of coal is brought down by an 
artificial explosion, by dynamite, by lime car- 
tridges, or by some other agency, large quantities 
of gas are sometimes disengaged, and not only 
is this highly detrimental to the health of the 
miners, if not carried away by proper ventilation, 
but it constitutes a. constant danger which may 
at any time cause an explosion when a naked 
light ia brought into contact with it. Fire-damp 
may be sometimes heard issuing from fiery seams 
with a peculiar hissing sound. If the volume be 
great, the gas forms what is called a hhnrr, and 
this often happens in the neighbourhood ot a 
fault. When coal is brought down in any large 
volume, tbo blowers which commence may be 
exhausted in a few moments. Others, however, 
havo been known lo last for years, this being the 
case at Wallseud, where the blovfet ga-ve off 120 
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feet of gas per minut«. In such caees the gas 

is UBiially conveywl in pipes to a place where it 
can be burned in safety. 

In the early days of coal-mining the ex- 
ploaiona caused by this gas soon received the 
serious attention of the scientific men of the ag/e. 
In the Pkil<»i<tji!w<il Tramadions of ili^ Eoijai 
Society we hnd a record of a gas explosion in 
1G77. The amnsing part of such records vax 
that the explosions were ascribed by the minera 
to supernatural agencies. Little attention seemed 
to have been paid to the fact, which has since so 
thoroughly been established, that the expIosicFUS 
were caused by acciunulations of gas, mixed in 
certain proportions with air. As a consequence, 
tallow candles with an exposed flame were freely 
used, especially in Britain. These were placed 
in niches in the workings, where they would giye 
to the pitman the greatest amount of light. 
Previous to the introduction of the safety-lamp, 
workiugs were tested before the men entered 
them, by " trying the candle." Owing to the 
specific gravity of fira-damp (-556) being less 
than that of air, it always finds a lodgement at 
the roofs of tlie workings, so that, to test the 
condition of the air, it was necessary to steadily 
raise the candle to the roof at certain places in 
the passages, and watch carefully the action of 
the flame. The presence of fire-damp would be 
shown by the flame assuming a blue colour, and 
by its elongation ; the presence of other gases 
could be detected by an experienced man by 
certain peculiarities in the tint of the flame. 
"" ■ testing with the opei\ fiame has almost 
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entirely ceased since the introduction of the 
perfected Davy lamp. 

The use of candlea for illumination booh gave 
place in most of the large collieries to the intro- 
duction of small oil-lamps. In the less fiery 
mines on the Continent, oil-lamps of the well- 
known Etruscan pattern are still in use, whilst 
small metal lamps, which can conveniently lie 
attached to the cap of the worker, occasionally 
find favour in the shallower Scotch mines. Theso 
lamps are very useful in getting the coal from 
the thinner seams, where progress has to bo 
made on the hands and feet. At the close of 
the last century, as workings began to be carried 
deeper, and coal was obtained from places more 
and more infested with fire-damp, it soon came 
to be realiaed that the old methods of illumina- 
tion would have to be replaced by others of a 
safer natiu^. 

It is noteworthy that mere red heat is in- 
siifficieut in itself to ignite fire-damp, actual 
contact with flame being necessary for this pur- 
pose. Bearing this in mind, Spedding, the 
discoverer of the fact, invented what is known 
as the " ateel-mill " for illuminating purposes. 
In this a toothed wheel was made to play upon 
a piece of steel, the sparks thus caused being 
sufficient to give a moderate amount of illumina- 
tion. It was found, however, that thia method 
was not always trustworthy, and lamps were in- 
troduced by Humboldt in 1796, and by Clanny 
' "n 180C. In these lamps the air which fed the 
lame was isolated from the air of the mine by 
^ring to bubble through a liquid. Many miners 
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were not, however, provided with these lamps, 
and the risks atteading naked lights vent on ns 
merrily as ever. 

In order to avoid explosions in mines which 
were known to give off large quantities of gas, 
"fiery" pits as they are called. Sir Humphrey 
Davy in 1815 invented his safety lamp, the I 
principle of which can he stated in a few words. 

If a piece of fine wire gauze be held over a 
gas-jet before it is lit, and the gas be then turned 
on, it can be lit above the gauze, hut the flame 
-will not pass downwards towards the source of 
the gas ; at least, not until the gauze has become i 
over-heated. The metallic gauze so rapidly eon- j 
ducts away the heat, that the temperature of the 
gas beneath the gauze is unable to arrive at the j 
point of ignition. In the safety-lamp the little 
oil-lamp is placed in a circular funnel of fine gauze, 
which prevents the flame from passing through it 
to any explosive gas that may be floating about 
outside, but at the same time allows the rays of : 
light to pass through readily. Sir Humphrey 
Davy, in introducing his lamp, cautioned tha j 
miiieia against exposing it to a rapid curfent o£ I 
air, which would operate in such a way as to I 
force the flame through the gauze, and also , 
against allowing the gauze to become red-hot. 
In order to minimise, as far as possible, the 
necessity of such caution the lamp has been 
considerably modified since first invented, the 
speed of the ventilating currents not now allow- 
ing of the use of the simple Davy lamp, but the 
principle is the same. 

During the progreaa of Sir Humphrey Davy's 
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experimente, he found that when fire-damp was 
diluted with 85 per cent, of air, and any less 
proportion, it simply ignited without explosion. 
With between 85 per cent, and 89 per cent, of 
air, fire-damp assumed its most explosive form, 
but afterwards decreased in explosivenesa, until 
with 94^ per cent of air it a^aiu simply ignited 
without explosion \\ith between 11 iml 12 
per cent, of fiiedamp the mixture was most _ 
dangerous. Pure fire damp iteelt 
therefore, is not dangeioii'^ so 
that when a email quantitj en 
ters the gauze whiuh surround 
the Davy lamp iC simply burn 




Iirith its characteristic blue flame, but at t 
time gives the miner due notice of the danger 
which he was running. 

With the complicated improvements which 
have since been made in the Davj \a.'ca^,%«h%.'ub 
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of almost abeolnte safety can be guara 
but still from lime to time e^IosioDS arsa 
ported. Of the cause of many we araT 
Bulutely ignorant, but occaBlonatly a li^ 
thTown upon tbeir origin by a paragraplij 
pearing in a daily paper. Two men are 
before the magistrates with being io the p' 
of keys used exclusively for unlocking 1 
miners' safety - lamps. There is no defi 
These men know that they carry their live! 
their hands, yet will risk their own and tho«i 
hundreds of others, in order that they may be a 
to light their pipes by means of their i 
lamps. Sometimes in an unexpected moDS 
there is a great dislodgement of coal, anj| 
tremendous quantity of gas is set free, whicli ir 
be sufficient to foul the passages for some di 
around. The introduction or espoaure of a 
light for even so much as a second is suffic 
cause explosion of the mass ; doora are U<H 

down, props and tubbing are charred up, and S 

volume of smoke, rushing up by the nearest shaft ' 
and overthrowing the engine-house and other 
structures at the mouth, conveys its own sad 
message to those at the surface, of the dreadfiil 
catastrophe that has happened below. Perhaps 
all that remains of some of the workers consists of 
charred and scorched bodies, scjircely recognisable 
as human beings. Others escape with scorched 
arms or legs, and singed hair, to tell the terrible 
tale to those who were more fortunately absent ; 
to speak of their own sufferings when, after having 
escaped the worst effects of the explosion, they 
encountered the asphyxiating rush of the after- 



tHE COAt-MiXE A^-6 ITS -DAjrCERS. 99 

damp or choke-damp, which had heen caused by 
the combustion of the fire-damp. " Choke-damp " 
in very truth it ia, for it is principally composed 
of onr old acquaintance carbonic acid gas (carbon 
dioxide), which is well known as a non-supporter 
of combustion and as an asphyxiator of animal 
life. 

It seems a terrible thing that on occasions the 
workings and walls themselves of a coal-mine 
catch fire and bum incessantly. Yet such ia the 
case. Tears ago this happened in the case of an 
old colliery near Dudley, at the surface of which, 
by means of the heat and steam thus afforded, 
early potatoes for the London market, we are 
told, were grown ; and it was no unusual thing 
to see the smoke emerging from cracks and 
crevices in the rocks in the vicinity of the 

From fire on the one hand, we pass, on the 
other, to the danger which awaits miners from 
a sudden inrush of water. During the great 
coal strike of 1893, certain mines became un- 
workable in consequence of the quantity of water 
Kvhich flooded the mines, and which, continually 
iBsing along the natural fractures in the earth'» 
Tiat, is always ready to find a storage reservoir 
I the workings of a coal-mine. This is a 
i^ifiiculty which is always experienced in the 
I sinking of shafts, and the shutting off of 
I water engages the beat efforts of mining en- 
I giiieei-3. 

[ Added to these various dangers which exist in 

\ the coal-mine, we must not omit to notice those 

iccidents that are continnally \)«vci% i:an»>A. '^'^ 
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the fnlling-in of roofs or of walls, from the falling 
of insecure timber, or of what are knowa aa 
'■coal-pipea" or "bell -moulds." Then, again, 
every man that enters the mine trusts his life 
to the cage by which he descends to his laboof, 
and shaft n^ccidents are not infrequent. 

The following table shows the number of 
deaths from coUiery accidents for a period of 
ten years, compiled by a Government inspector, 
and from this it will be seen that those resulting 
from falling roofs number considerably more 
than one-third of the whole. 
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Ho. at 
Deaths. 


Proportion 

perOBBt 


Deaths resulting from fire- 
damp explosions . 

Deaths resulting from fall- 
ing roofs and coals . 

Deaths resulting from shaft 
accidents 

Deaths resulting from mis- 
cellaneous causes and 
above ground 


2019 
3953 
1710 

2234 


20-36 

39-87 
17-24 

22-53 


9916 


100-00 



Every reader of the daily papers is familiar 
with the harrowing accounts which are there 
given of coal-mine explosions. 

This kind of accident is one, which is, abore 
1, associated in the public mind with the dangen 

the coal-pit. Yet the accidents arising ^otn 

' cause number Wt 20 ^t hctA, oE thi»e 



ecorded, and granted there be proper inapection, 
ttd the uae of naked lights be absolutely aboliBhed, 

3w percentage might still be coDsiderably 
^uced. 

A terrific explosion occurred at Whit wick 
IbHiery, Leicestershire, in 1893, when two lads 
ere killed, vhilst a third was rescued after a 

larrow escape. The lads, it is stated, locre 
erkiiig irith nuked liffhl:', when a sudden fall of 

eleased a ([tiantityof gas, and an immediate 
cploeion was the natural result. Accidents had 
een so rare at this pit that it was regarded 
i particularly safe, and it was iiUeged that 
]e use of naked lights was not uncommon. 
This is an instance of that large number of 
Bcidents which are undoubtedly preventable. 
An interesting commentary on the careless 
lanner in which miners risk their lives was 

1 in the discoveries made after an ex- 
losion at a colliery near Wrexham in 1889. 
Tear the scene of the explosion an un- 
jcured safety lamp was found, and the general 
^[>iDion at the time was that the disaster was 
kused by the inexcusable carelessness of one of 
!te twenty victims. Besides this, when the 
[othing of the bodies recovered was searched, 
be contents, takce, it should be noted, with the 
itmen into the mines, consisted of pipes, tobacco, 
latches, and even keys for unlocking the lamps, 
t is a strange reflection on the manner in which 
jus mine had been examined previous to the 
len entering upon their work, that the under- 
Boker, but half an hour previoasly, had reported 
!ie pit to be free from gas. 
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' Another infitance of the same fooDiardiness on 
the part of the miners is contained in the report 
isBuetl in regard to an explosion vhich occurred 
at Benny, in Stirlingshire, on April 26th, 1895. 
By this accident thirteen men lost their live^ 
and upon the bodies of eight of the number the 
following articles were found ; upon Patrick 
Carr, tin matchbox half full of matches and a con- 
trivance for opening lamps ; John Comrie, split 
nail for opening lamps ; Peter Conway, seven 
matches and split key i'ot opening lamps ; Patrick 
Dunton, split nail for opening lamps ; John Her- 
ron, clay pipe and piece of tobacco ; Henry 
M'Govern, tin matchbox half full of matches; 
Bobert Mitchell, clay pipe and piece of tobacco ; 

I John Hicol, wooden pipe, piece of tobacco, one 
match, and box half full of matches. The report 
stated that the immediate cause of the disaster 
was the ignition of fire-damp by naked light, the 

' conditions of temperature being such as to 
exclude the possibility of spontaneous combua- 

I tion. Henry M'Govern had previously been 

. convicted of having a pipe in the mine. With 
regard to the question of sufficient ventilation it 
continued ; — " And we are therefore led, on a 
consideration of the whole evidence, to the con- 
clusion tliat the accident cannot be attributed to 
the absence ofventiiation, which the mine owners 
were hound under the Mines Kegulation Act and 
the special rules to provide." The report con- 
cluded as follows : — " On the whole matter we 
have to report that, in our opinion, the explosion at 

^Quarter Pit on April 26th, 1805, resulting in the 
' B ot thirteen lives, was cawaed. by the ignition 
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of an accumulation or an outburst of gas conuDg 

in coDtact with a oaked light, ' other than an open 
safe tf -lamp,' which had been unlawfully kindled 
by one of the miners who were killed. In our 
opiaioD, the intensity of the explosion wasaggra- 
vated, and its area extended, by the ignition of 
coal-dust." 

We have mentioned that accidents have fre- 
quently occurred from the falling of " coal-pipes," 
or, ad they are also called, " bell-uiouldB." We 
must explain what is meant by this term. They 
are simply what appear to be solid trunks of 
trees metamorphosed into coal. If we go into a 
tropical forest we find that the woody fibre of 
dead trees almost invariably decays faster than 
the bark. The result is that what may appear 
to he a sound tree is nothing but an empty 
CTlinder of bark. This appears to have been 
we case with many of the trees in coal-mines, 
where they are seen to pierce the strata, and 
around which the miners are excavating the 
coal. As the coaly mass collected around the 
trunk when the coal was being formed, the 
interior was undergoing a process of decom- 
.position, while the bark assumed the form of 
jooal. The hollow interior then became filled 
'vith the shale or sandstone which forms the 
roof of the coal, and its sole support when the 
coal is removed from around it, is the thin rind 
of carbonised bark. When this falls to pieces, 
or loses its cohesion, the sandstone trunk falls 
of its own weight, often causing the death of 
\the man that works beneath it. Sir Charles 
Xyell mentions that in a colliery near Newcastle, 
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.o leas than thirty sigillarm trees were standing 
a their natural position in an area of fifty yards 
square, the interior in each case being Band- 
stone, which was Eiir- 
rounded by a bark of 
friable coal. 

The last great dan- 
ger to which we have 
here to make refer- 
ence, is the explosive 
action of a quantity 
of coal-dust in a dry 
condition. It is only 
now commencing to 
be fully recognised 
that this is really a 
most dangerous ex- 
plosive. As we have 
seen, large quantities 
I of coal are formed 
I almost ezclnsively of 
j le.pidodendron spores, 
and such coal is pro- 
ductive of a great 
' quantity of dust. Ex- 
Fio 83,— Putt oJ ■ inuflt of plosions which are 
SaaSaAHS™;"^"!™)., mote or less 

tlie sesl-likc ImptoMom wbero Iha attnbutable tO the 

effects of coal-dust are 

generally considered, in the official statistics, to 
ave been caused by fire-damp. The Act regu- 
klating mines in Great iJritain is scarcely up to 
\ late in this respect. There is a regulation which 
^Bvides for the watering of all dry and dnaty 
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iGG within twenty yards from the spot where a 
lot ia fired, but the enforcement of this regula- 
tion in each and every pit necessarily devolves on 
the managers, many of whom in the ahsence of 
sn inspector leave the requirement a dead letter. 
Every improvement which resulta in the better 
Tentilation of a coiil-mine tends to leave the dust 
ia a more dangerous condition. The air, as it 
descends the shaft and permeates the workings, 
becomes more and more heated, and licks upevery 
particle of moisture it can touch. Thorough 
ventilation results in mor« greatly freeing a mine 
of the dangerous tire-damp, but the remedy 
■brings about another disease, viz,, the drj'ing-up 
«f all moisture. The duet is thus left in a dan- 
gerously inflammable condition, acting like a 
xuin of gunpowder, to be started, it may be, by 
ttie slightest breath of an explosion. There 
IB apparently little doubt that the presence of 
oaWust in a dry state in a mine appreciably 
Bcreases the liability of explosion in that 
pinB, 

So far as Great Britain is concerned, a Royal 
Jommission was appointed by Lord Easebery's 
iovernment to inquire into and investigate the 
tcts referring to coal-dust. Generally speaking, 
ie conclusion arrived at was that fine coal- 
nst was inflammable under certain conditions. 
here was considerable difference of opinion 
B to what these conditions were. Some were 
f opinion that coal-dust and air alone were of 
tn explosive nature, whilst others thought that 
llone they were not, but that the addition 
f a small quantity of fiTe-d3.mp 'ce'(i^i&4 'Oca. 
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mbcture explosive. An important conclusion 
was come to, that, witli the combustion of 
coal-dust alonn, there was little or no concas- 
eion, and that the flame was not of an explosive 
character. 

Coal-dust was, however, admittedly dangerous, 
especially if in a dry condition. The effects of 
an explosion of gas might be considerably ex- 
tended by its presence, and there seems every 
reason to believe that, with a suitable admixturo 
of air and a very small proportion of gas, it forms 
a dangerous explosive. Legislation in the direc- 
tion of the report of the Commission is urgently 



We have seen elsewhere what it is in the diut 
which makes it dangerous, how that, for the 
most part, it consists of the dust-like spiores of 
the lepidadendron tree, fine and impalpable as the 
spores on the backs of some of our living femo, 
and the fact that this consists of a large pro- 
portion of resin makes it the easily inflammable 
substance it is. I^otbing but aa incessant 
watering of the workings in such cases wfll 
render the dust innocuous. The dust is vSf 
tremely fine, and is easily carried into evnjr 
Dook and crevice, and when, as at Bridgend in 
1S93, it explodes, it is driven up and out of the 
shaft, enveloping everything temporarily in dust 
and darkness. 

In some of the pits in South Wales a system 
of fine sprays of water is in use, by which the 
water is ejected from pin-holes pricked in a 
series of pipes which are carried through the 
^^WorMngB. A fine mist ia ttua caused i ' 
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necessary, which is carried forward by the force 

of the ventilating current. 

A thorough system of inspeetioa in coal-mines 
throughout the world is undoubtedly urgently 
called for, in order to ensure the proper carrying 
out of the various regtilations framed for their 
safety. It is extremely iinfoi'tunate that so many 
of the accidents which happen are pt'evontable, 
if only men of knowledge and of scientific attain- 
jments filled the responsible positions of the over- 
'lookers. 
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CHAPTER V. 

EARLY HISTORY— ITS I'SE AND ITS ABUSK 

The extensive use of coal throughout the civilised 
world for purposes of heating and illumination, 
and for the carrj'ing on of manufactures and 
industries, may be regarded as a well-marked 
characl eristic of the age in which we live. 

Coal must have been in centuries past a 
.lamiliar object to many generations. People 
met have long been living in close proximity to 
outcrops at the sides of the mountains and 
'at the surface of the land, yet without being 
acquainted with its practical value, and it seems 
strange that so little uso was made of it until 
about three centuries ago, and that its use did 
not spread earlier and more quickly throughout 
civilised countries. 

A mineral fuel is mentioned by Theophrastus 
lUt 300 B.V., from which it is inferred that 
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thuB earl7 it was dug from some of the moTS 
shallow depths. The Britons before the time of 
the Roman invasion are credited with some 
slight knowledge of its industrial value. Pre- 
historic excavatiotiE have been found in Mon- 
mouthshire, and at Stanley, in Derbyshire, and 
the flint axes there actually found imbedded in 
the layer of coal are reasonably held to indicate 
its excavation by neolithic or palaeolithic (stone- 
age) workmen. 

The fact that coal cinders have been found on 
old Eoman walls in conjunction with Roman 
tools and implements, goes to prove that its use, 
at least for heating purposes, was known iu 
England prior to the Saxon invasion, whilst some 
polygonal chambers in the six-foot seam near the 
river Douglas, in Lancashire, are supposed also 
to be Roman. 

The Chinese were eai'ly acquainted with the 
existence of coal, and knew of its industrial value 
to the extent of using it for the baking of 
porcelain. 

The fact of its extensive existence in Great 
Britain, and the valuable uses to which it might 
be put, did not, however, meet with much notice 
until the ninth century, when, owing to the 
decrease of the forest-area, and consequently of 
the supply of wood-charcoal therefrom, it began 
. to attract attention as affording an excellent 
1 eubatitute fur chsi'coal. 

The coal-miner was, however, still a creation of 
I the future, and even as peat is collected in Ireland 
I at the present day for fuel, without the laboriotu 
^Foeess of mining for it, ao those yeople living ia . . 
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eal-bearing districtB fonnd their needs satisfied 
ly the quantity of coal, Email as it was, which 
^peafed ready to hand on the sides of the 
airboniferous mountaios. Till then, and for a 
ong time afterwards, the principal source of fuel 
onsisted of vast forests, amidst which the char- 
lal-hnrDere, or " colliers " as they were even then 
ailed, lived out their lonely existence in pre- 
lariog charcoid and hewing wood, for the fires 
if the baronial halls and stately castles then 
warming throughout the land. As the forests 
Bcame used up, recourse was had more and more 
I coal, and in 1239 the first charter dealing 
Kth and recognising the importance of the 
applies was granted to the freemen of New- 
astle, according them permission to dig for 
oals in the Castle fields. About the same 
lime a coal-pit at Preston, Haddiiigtotishire, 
|vas granted to the monks of Newbattle. 

Specimens of Newcastle coal were sent to 
jondon, but the city was loth to adopt its use, 
ibjecting to the innovation aa one prejudicial to 
be health of its citizens. By the end of the IGth 
lentury, two ships only were found sufficient to 
Btiafy the demand for stone-coal in London. This 
low progress may, perhaps, have been partially 
iwing to the difficulties which were placed in the 
ray of its universal use. Great opposition was 
xperienced by those who imported it into the 
aetropolis, and the increasing amount which 
ras used by brewers and others about the year 
.300, caused serious complaints to be made, the 
Bffeet of which was to induce Parliament to 
obtain a proclamation from the King gtohlhitliig 
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its QBe, and empowering the justices to inflict 
a fins on those who persisted in hurning it. 
The nuisance which coal has since proved itself, 
ill the pollution of the atmosphere acid in the 
denuding of wide tracts of country of all vegeta- 
tion, was even thus early recognised, and Had 
the efforts which were then made to stamp out 
its use, proved successful, those who live now in 
the great cities might never have become ac- 
quainted with that species of black winter fog 
which at times hongs like a pall over them, and 
transforms the brightness of day Into a darkness 
little removed from that of night. At the same 
time, we must bear in mind that it is universally 
acknowledged that England owes her prosperity, 
and her pre-eminence in commerce, in great part, 
to her happy posses&ion of wide and valuable 
coal-fields, and many authorities have not hesitated 
to say, that, in their opinion, the length of time 
during which England will continue to hold her 
prominent position as an industrial nation is 
limited by the time during which her coal will 
last. 

The attempt to prohibit the burning of coal 
was not, however, very successful, for in the reign 
of Edward III. a license was again granted to the 
freemen of Newcastle to dig for coals. Newcastle 
was thus the first town to become famous as the 
^ome of the coal-miner, and the fame which it 
early acquired, it has held unceasingly ever since. 
Other attempts at prohibition of the article 
were made at various times subsequeutly, amongst 
them being one which was made in Elizabeth's 
jreign. It was supposed that the health of the 
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Bountry Bquirea, who came to town to attend the 
' session of Parliameot, Buffered considerably dur- 
ing their Eojoum in London, and, to remedy this 
BeriouB state of affairs, the use of stone-coal 
during the time ParHament was sitting was once 
Etnore prohibited. 

K Coal was, however, by this time beginning to 
m^ recognised as a most valuable and useful 
■ article of fuel, and had taken a position in the 
industrial life of the country from which it was 
difficult to remove it. Rather than attempt to 
have arrested the growing nse of coal. Parliament 
would have been better employed had it framed 
lawd compelling the manufacturers and other 
large burners to consume their own smoke, and 
insteadof aiming at total prohibition, have encour- 
' n intelligent and more economical use of it. 
In spite of all prohibition its use rapidly spread, 
md it was Boon applied to the smelting of iron 
Btd to other purposes. Iron had been largely pro- 
meed in the south of England from strata of the 
Fealden formation, during the existence of the 
|reat forest which at one time extended for miles 
ironghout Surrey and Sussex. The discovery 
F coal, however, and the opening np of many 
dues in the north, gave an important impetus 
d the smelting of iron in those counties, and as 
the forests of the Weald became exhausted, the 
iron trade gradually decliued. Furnace after 
furnace became extinguished, until in 1809 that 
at Ashburnham, which had lingered on for some 
years, was compelled to bow to the inevitable 
fate which had overtaken the rest of the iroa 
blast-furnace 
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la referring to this subject, Sir James Pictoa 
EajB ; — " Ironstone of excellent quality is found 
ia various parts of the county, and was very 
early made use of. Even before the advent 
of the Romans, the Forest of Dean in the 
west, and the Forest of Anderida, in Sussex, in ', 
the east, were the two principal sources firom ■ 
which the metal was derived, and all through the 
mediieval ages the maiiufacture was coutinued. 
After the discovery of the art of smelting and 
casting iron in the sixteenth century, the manu- 
facture in SuEsex received a great impulse from 
the abundance of wood for fuel, and from that 
time down to the middle of the last century it 
continued to flourish. One of the largest furoacea 
was at Lamborhurst, on the borders of Elent, I 
where the noble balustrade surrounding St Paul's 
Cathedral was cast at a cost of about ill, 000. 
It is stated by the historian Holinshed that the 
first cast-iron ordnance was manufactured at 
Buxted. Two specialities in ^he iron trad* 
belonged to Sussex, the manufacture of chim- 
ney-backs, and cast-iron plat«s for grave-atones. 
At the time when wood constituted the fuel 
the backs of fire-places were frequently orna- 
mented with neat designs. Specimens, both of 
the chimney-backs and of the monuments, are 
oecaaionally met with. These articles were ex- 
ported from Eye. The iron manufacture, of 
coarse, met with considerable discouragement on 
the discovery of smelting with pit-coal, and 
the rapid progress of iron works in Stafford- 
shire and the North, but it lingered on until the 
great forest was cut down and the fuel exhausted." 
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In his interesting work, "Sylvia," published 
1661, Evelyn, in speaking of the noxioas 
'apours poured out into the air hy the increasing 
^ lumber of coal firee, v^rites, " This is that 
'pernicious smoke which sulliea all her glory, 
superinducing a sooty crust or furr upon all that 
it lights, spoiling movables, tarnishing the plate, 
gildings and furniture, and corroding the very 
iron bars and htLrdeet stones with thoee piercing 
,iuid acrimonious spirits which accompany its 
^sulphur, and executing more in one year than the 
~ lUre air of the country could effect in some 
.undreiis." The evils here mentioned are those 
which have grown and have become intensified 
a hundred-fold during the two centuries and a 
half which have since elapsed. When the many 
cffortH which were made to limit its iise in the 
'ears prior to 1600 are remembered ; at which 
une, we are informed, two ships only were engaged 
in bringing coal to London, it at once appears 
how paltry are the efibrte made now to moderate 
these same baneful influences on our atmosphere, 
at a time when the annual consumption of coal 
in the United Kingdom has reached the enormous 
total of ] 90 millions of tons. The various smoke- 
abatement associations which have started into 
existence during the last few years are doing 
R little, although very little, towards directing 
popular attention to the subject ; but there is an 
inormous task before them, that of awakening 
rery individual to an appreciation of the personal 
iterest which ho has in their success, and to 
lise how much might at once be done if each 
'ere to do his share, minute though it might be, 
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towards mitigating the evils of the preseot mode 
of coal-consumption. Probably very few house- 
holders ever rewiso what important factories their 
chimneys constitute, in bringing about air pollu- 
tion, and the more they do away with the use of 
bituminous coal for fuel, the nearer we shall be 
to the time when yellow fog will be a thing of 
the past. 

A large proportion of smoke consists of 
particles of pure unconsumed carbon, and this is 
accompanied in its passage up our ehimneya by 
sulphurous acid, begotten by the sulphur which 
is contained in the coal to the amount of about 
eight pounds in every thousand ; by sulphuretted 
hydrogen, by hydro-carbons, and by vapours of 
various kinds of oils, small quantities of ammonia, 
and other bodies not by any means contributing 
to a healthy condition, of the atmosphere, A 
good deal of the heavier carbon is deposited 
along the walla of chimneys in the form of eoot, 
together with a small percentage of sulphate of 
ammonia ; this is as a consequence very generally 
used for manure. The remainder is poured out 
into the atmosphere, there to undergo fresh 
changes, and to become a fruitful cause of those 
thick black fogs with whicli town-dwellers are so 
familiar. Sulphuretted hydrogen (H„S) is a gas 
well known to students of chemistry as a most 
powerful reagent, its most characteristic external 
^^ property being the extremely offensive odour 
^^ which it possesses, and which bears a strong 
^^■resemblance to that of rotten eggs or decomposing 
^^■fish. It tarnishes silver work and picture frames 
^H'lEi'T' rapidiy. On combustion it changes to 

ft ■ 
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mlphrirous acid (SOj), and this in turn has the 
)ower of taking up from the air another atom of 
n, forming sulphuric acid (SO,, + water), or, 
I we more familiarly know it-, oil of vitriol. 
Yet the smoke itself, including as it does all 
le many impurities which exist in coal, is not 
^^ily eyil in itself, but is evil in its intluences. 
Dr Siemens has said ; — "It has been shown that the 
Ine dnst resulting from the imperfect combustion 
if coal was mainly instrumental in the formation 
of fog ; each particle of solid matter attracting to 
'iself aqueous vapour. These globules of fog 
'ere rendered particularly tenacious and dis- 
groeable by the presence of tar vapour, another 
Kault of imperfect combustion of raw fuel, which 
night be turned to better account at the dye- 
IMtrks. The hurtful influence of smoke upon 
nibli<: health, the great jiersonal discomfort to 
rhich it gave rise, and the vast expense it 
■indirectly caused through the destruction of our 
monuments, pictures, furniture, and apparel, were 
now being recognised." 

The most effectual remedy would result from 
,« general recognition of the fact that wherever 
loke was produced, fuel was being consumed 
itefuUy, and that all our calorific effects, from 
le largest furnace to the domestic fire, could be 
alised as completely, and more economically, 
'ithoutallowingany of the fuel employed to reach 
le atmosphere unbumt. This most desirable 
ight be effected by the use of gaa for all 
Lting purposes, with or without the additional 
le of coke or anthracite. The success of the so- 
led smoke-consuming stovea ia g^eail5 o^m^to 



question, whilst some of them have heen reported 
upon by those appointed to inspect them as 
actually accentuating the incomplete combustion, 
the abolition of which they were invented to 
bring about. 

The smoke nuisance is one which cuts at the 
very basis of our business life. The cloud which, 
under certain atmospheric condittona, rests like a 
pall over our great cities, will not even permit at 
times of a single ray of sunshine permeating it. 
No one knows whence it rises, nor at what hour 
to expect it. It ia like a giant spectre which, 
having lain dormant since the carboniferous age, 
has been raised into life and being at the call of 
restless humanity ; it is now punishing us for 
our prodigal use of the wealth it left us, by 
claspiog us in its deadly arms, cutting off our 
brilliant BUDshine, and necessitating the use in 
the daytime of artificial light ; inducing all kinds 
of bronchial and throat affections, corroding tele- 
graph and telephone wires, and weathering away 
the masonry of public buildings. 

The immense value to us of the coal-deposits 
which lie buried in such profusion in the earth 
beneath us, can only be appreciated when we con- 
sider the many uses to which coal has been pnt. 
We must remember, as we watch the ever-extend- 
ing railway ramifying the country in every 
direction, that the first railway and the first 
locomotive ever built, were those which were 

tbrought into being in l&l 4 by George Stephenson, 
for the purpose of the carriage of coals from the 
"illingworth Colliery. To the importance of 
I in our maaufactuies, t\iewifeT6, wa «we the 
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»ubse(iuent development of steam locomotive 
Ipower OS the means of the introduction of 
I passenger traffic, and by the use of coal we are 
-enabled to travel from one oad of the country to 
;tlie other in a space of time inconceivably small 
compared with that occapied on the aame 
journey in the o!d coaching days. The increased 
lapidity with which our vessels cross the wide 
ocean we owe to the use of coal ; our mines are 
carried to greater depths owing to the power our 
pmnping-engiries obtain from coal in clearing the 
mines of water and in ensuring ventilation ; the 
enormous development of the iron trade only 
became possible with the increased blast power 
obtained from the consumption of coal, and the 
very hulls and engines of our steamships are 
if this iron ; our railroads and engines are 
imostly of iron, and when we think of the exten- 
sive use of iron utensils in every walk in life, we 
tee how important becomes the power we possess 
■f obtaining the necessary fuel to feed the smelt- 
jug furnaces. Evaporation by the sun was at one 
time the sole means of obtaining salt from sea- 
water ; now coal is used to boil the salt pans and 
io purify the brine from the salt-mines in the 
liriaasic strata of Cheshire. The extent to which 
gae is used for illuminating purposes reminds us 
if another important product obtained from coal. 
farafiin oil and petroleum we obtain from coal, 
whilst candles, oils, dyes, lubricants, and many 
ether useful articles go to attest the importance 
f^ the underground stores of that mineral which 
lhas well and deservedly been termed the "black 
vdiamond." 



CHAPTER VI. 



Accustomed as wo are at the present day to 
see street after street of vrell-Ughted thoroughfares, 
brilliantly illumijiated by gas-lamps maiatamed 
by public authority, we can scarcely appreciate 
the fact that the use of gas is, comparatively 
speaking, of hut recent growth, and that, like 
the use of coal itself, it has not yet existed a 
century in public favour. Valuable as coal is 
in very many different ways, perhaps next in 
value to its actual use as fuel, ranks the use of 
the immediate product of its distillation — viz., 
gas ; and although gas is in some respects waning 
before the march of the electric light in our 
day, yet, even as gas at no time has altogether 
Buperseded old-fashioned oil, so we need not 
anticipate a time when gas in turn will be likely 
to be superseded by the electric light, there 
being many uses to which the one may be put, to 
which the latter would be altogether inapplicable ; 
for, in the words of Dr Siemens, assuming the coat 
of electric light to be practically the same as gas, 
the preference for one or other would in each 
application be decided upon grounds of relative 
convenience, but gas-lighting would hold its own 
as the )}0or man's friend. Gas is an institution 
of the utmost value to the artisan ; it requires 
hardly any attention, is supplied upon regu- 
lated terms, and gives, with what should be a 



cheerful light, a genial warmth, which often 
saves the lighting of a. Sre. 

The revolution which gas has made in the 
appearance of the streets, where furmerly the 
only illumination was that provided by each 
householder, who, according to his means, hung 
out a more or less efilcient lantern, and con- 
sequently a more or lees smoky one, cannot fail 
also to have bronght about a revolution in the 
Bocial aspects of the streets, and therefore is 
worthy to be ranked as a social reforming agent ; 
and some slight knowledge of the process of its 
manufacture, such as it is here proposed to give, 
should be in the possession of every educated 
indiviilual. Yet the subjects which must be 
dealt with in this chapter are so numerous and of 
mich general interest, that we shall be unable to 
eater more than superficially into any one part 
of the whole, but shall strive to give a clear and 
eomprehensive view, which shall aatisfy the in- 
quirer who is not a spccialiEt, 

The credit of the first attempt at utilising the 
igaaeoUB product of coal for illumination appears 
to be due to Sfurdock, an engineer at Hedruth, 
irho, in 1792, introduced it into his house and 
offices, and who, ten years afterwards, as the 
ipesult of numerous experiments which he made 
Vith a view to its utilisation, made a public 
display at Birmingham on the occasion of the 
Peace of Amiens, in 1802. 

More than a century before, however, the gas 
obtained irom coal had been experimented upon 
by a Dr Clayton, who, about 1690, conceived 
^e idea of beating coal until its gaseous coQ' 
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Btituents were forced out of it. He deBcribetl 
how he obtained steam first of all, then a, bkck 
oil, and finally a " spirit," as onr ancestors were 
wont to term the gas. This, to hia surprise, 
ignited on a light being applied to It, and he 
considerably iimused hia friends with the wonders 
of this inflammatory spirit. For a century after- 
wards it remained in its early condition, a 
chemical wonder, a thing to be amused with; 
but it required the true genius and energy of 
Murdock to show the great things of which it 
was capable. 

London received its first instalment of gas in 
1807, and diiriug the next few years ite use 
became more and more extended, houses and 
streets rapidly receiving supplies in quick 
succession. It was not, however, till about the 
year 1820 that its use throughout the countiy 
became at all general, St James' Park being gas-lit 
in the succeeding year. This is not yefc eighty 
years ago, and amongst the many wonderfiil 
things which have sprung up during the present 
century, perhaps we may place in the foremost 
rank fur actual utility, the gas extracted from 
coal, conveyed as it is through miles upon miles 
of underground pipes into the very homes of 
the people, and constituting now almost as much 
a necessity of a comfortable existence as water 
itself 

The use of gas thus rapidly extended for illum- 
inating purposes, and to a very great extent super- 
\ Beded the old-fashioned means of illumination. 

The gas companies which sprang up were not 
^ow to notice that, seeing the gas was supplied 



toeter, it was to their pecuniary advarta'^e " to 




give merely the prescribed illuminating power 
ind to discourage the inventioo of economical 



burners, in order that the consumptioii might 
reach a uia:Kimuin. The application of gas foi 
heating purposes had not been encouraged, and 
wao still made difficult in consequence of the 
objectionable practice of reducing the pressora 
in the mains during daytime to Uie lowest poo- 
■ point consistent with prevention of atmo- 
epheric indraught." 

The introduction of an important rival into 
^e field in the shape of the electric light has 
now given a powerful impetus to the invention 
and introduction of effective gas-lamps, and 
amongst inventors of recent years no name is, 
perhaps, in this respect so weU known as the 
name oF Sugg. As long as gas retained almost 
Uie monopoly, there was no incentive to the gae 
companies to produce an effective light che^^; 
but now that the question of the relative cheap' 
nesa of gas and electricity is being actively 
discussed, the gas companies, true to the instinct 
of self-preservation, seem determined to show 
irhat can be done when g.is is consumed in a 
scientific manner. 

In order to understand how best a bum0 
- should be constructed in order that the gas that 
s burnt should give the greatest possible amount 
of illumination, let us consider for a moment 
the composition of the gas flame. It consists of 
three parts, (1) an interior dark space, in whidi 
" a elements of the gas are in an unconsumed 

ie; (:J) an inner ring around the former, 
^hence the gi-eatest amount of light is obtained, 
^d in which are numerous particles of carbOD 
^ ft white heat, each awaiting a supply of azyg«D 



carbOD a 



in order to bring about combustion ; and (3) 
an outer ring of blue dame id which complete 
combustion lias taken place, and from which the 
largest amount of lieat is evolved. 

The second of these portions of the flame cor- 
responds with the '• reducing" flame of the blow- 
pipe, aJDce this part, if turned upon an oxide, 
will reduce it, i.e., abstract its oxygen from it. 
This part also corresponds with the jet of the 
Bunaen burner, when the holes are closed by 
which otherwise air wonld mingle with the gas, 
or with the flame from a gas-stove when the gas 
ignites beneath the proper ignitiiig-jets, and which 
gives consequently a white or yellow flame. 

The third portion, on the other hand, corre- 
sponds with the " oxidising " flame of the blow- 
jnpe, since it gives up oxygen to bodies that are 
thirsting for it. This also correapondB with the 
ordinary blue flame of the Eunsen burner, and 
with the blue flame of gas-stoves where beat, and 
not light, is required, the blue flame in both 
cases being caused by the admixture of air with 
the gas. 

Thus, in order that gas may give the best 

nmination, we must increase the yellow or 
white space of carbon particles at a white heat, 
And a burner that will do this, and at the same 
Urns hold the balance so that uiiconsumed par- 
ticles of carbon shall not escape in the way of 
smoke, will give the moat successful illuminating 
Teeults. With this end in view the addition of 
albo-carbon to a bulb in the gas-pipe has proved 
Tery successful, and the incandescent gas-jet 
is constructed on exactly the same chemical 
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_jiple. The invention of bamers which 
brought about this desirable end has doubtlesa 
not been without effect in acting as a. powerful 
obstacle to the widespread introduction of the 
electric light. 

Without entering into details of the manu&c- 
ture of gas, it will be as well just to glance at 
the. principal parts of the apparatus used. 

The gasometer, as it has erroneously been 
called, is a famiUar object to most people, not 
only to sight but unfortunately also to the organs 
of smell. It is in reality of course only the gas- 
holder, in which the final product of distilla- 
tion of the coal is stored, and from which the 
gas imtnediately passes into the distributing 
mains. 

The first, and perhaps, most important portion 
of the apparatus used in gas-making is the series 
of relorls into which the coal is placed, and from 
which, by the application of heat, the various vola- 



tile products distil over. Theto retorts are huge 

cast-iron vessels, encased in strong brick-work, 

usually five in a group, and beneath which a large 

furnace is kept going until the process is complete. 

Each retort has an iron exit pipe affixed to it, 

through which the gases generated by the furnacfl 

are carried off. The exit pipes all empty them- 

selves into what is known as the hydraulic main, 

a long horizontal cylinder, and in this the gas 

begins to deposit a portion of its impurities. The 

immediate products of distillation are, after steam 

'. air, gas, tar, ammoniacal liquor, sulphur in 

ious forms, and coke, the last being left 

liad in the retort. In the hydraulic main 
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Eome of the tar and ammoniacEil liquor already 
"begin to be deposited. The gas passes on to the 
condenser, ■which Qons'iats ofanamberof (J-shaped 




pipes. Here the impurities are still further 
condeaaed oat, and are coUfict^d. io. 'i.W \ax-^. . 
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whilst the gas proceeds, still further lightened of 
its impurities. It may be mectioned thai the tem- 
perature of the gas in the condenser is reduced 
to about 60° F., bat below this some of the moat 
valuable of the illuminant.s of coal-gas would 
commence to he deposited in lifpiid form, and 
care has to be taken to prevent a greater lower- 
ing of temperature. A mechanical contrivancB 
known as the ejJtmtster is next used, by which the 
gaa ia, amongst other things, helped forward in 




its onward moremeut through the apparatus. 
The gaa then passes to the icashcrs or sn'uWws, a 
series of tall towers, from which water is allowed 
to fall as a fine spray, and by means of which 
large quantities of ammonia, sulphuretted hydro- 
gen, carbonic acid and oxide, and cyanogen 
compounds, are removed. In the scrubber the 
water used in keeping the coke, with which it is 
I filled, damp, absorbs these compounds, and the 
union of the ammonia with certain of them takes 
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Fplace, rsBulting in the formation of carbonate of 

ammonia (smelling salts), sulphide and sulpho- 

cyanide of ammonia. 

Hitherto til e purification of the gas has been 

brought about by mechanical means, but. the gas 
Lnow enters the "pwnfier," in which it iinilergoea a 

Enrther cleansing, but this time bychemical means. 




The agent used ia either lime or hydrated oxide 
of iron, and by their means the gas is robbed of 
its carbonic acid and the greater part of ita 
sulphur compounds. The process is then con- 
sidered complete, and the gas passes on into the 
water chamber over which the gas-holder is 
reared, and in which it rises through, the water. 



i 



forcing the huge cylinder upward according to 

the pressure it exerta. 

The gas-holder is poised between a number of , 
upright pillars by a series of chains and pulleys, 
which allow of its easy ascent or descent accord- 
ing fts the supply is greater or less than that 
drawn from it by the gas mains. 

When we see the process which is necessary in 
order to obtain pure gas, we begin to appreciate 
to what an extent the atmosphere is fouled w' 




many of the products of distillation, which, as 
far as the production of gas is concerned, may 
be called impurities, are allowed to escape free 
without let or hindrance. In these days of strict 
sanitary inspection it seems strange that the air 
in the neighbourhood of gas-works is still al- 
lowed to become contaminated by the escape of 
impure compounds from the various portions of 
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the gas-making apparatus. Go where one may, 
the preeeace of these compounds is at once ap- 
parent to the nostrils within a none too limited 
area around tliem, and yet their deleterious 
effects can be almost reduced to a minimum by 
the use of proper purifying agents, and by a scien- 
tific oversight of the whole apparatus. It certainly 
behoves all sanitary authorities to look well after 
any gas-works situa,ted within their districts. 

Now let us see what these first five products of 
distillation actually are. 

Firstly, house-gas. Everybody knows what 
house-gas is. It cannot, howevei', he stated to 
be any one gas in particular, siiico it is a 
mechanical mixture of at least three difierent 
gases, and often contains small quantities of 
others. 

A very large proportion consists of what is 
known as marsh-gas, or light carburetted hydro- 
gen. This occurs occluded or locked up in the 
pores of the coal, and often oo^es out into the 
galleries of coal-mines, where it is known aa fire- 
damp (German damp/, vapour). It is disengaged 
wherever vegetable matter has fallen and has 
become decayed. If it were thence collected, 
together with an admixture of ten times its 
volume of air, a miniature coal-mine explosion 
could be produced by the introduction of a 
match into the mixture. Alone, however, it 
burns with a feebly luminous flame, although to 
its presence our house-gas owes a great portion 
of its heating power. Marsh-gas is the first-of the 
series of hydrocarbons known chemically as the 
jKiro^n.", and is an extremely light substance, 
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being little more than half the weight of an 
equal bulk of air. It is composed of four atoms 
of hydrogen to one of carbon (CH^). 

Marsh-gas, together with hydrogen and the 
monoxide of carbon, the last of which burns 
with the dull blue flame ollen seen at the surface 
of fires, particularly coke and charcoal firea, form 
about 87 per cent, of the whole volume of house- 

fis, and are none of them anything but poor 
luminants, 

The iUuminating power of house-gas depends 
on the presence therein of olefiant gas (ethyhne), 
or, as it is sometimes termed, heavy carburetted 
hydrogen. This is the first of the aeries of 
hydro-carbons known as the olejiius, and is com- 
posed of two atoms of carbon to every four 
atoms of hydrogen (CjH^). Others of the olefioea 
are present in minute quantities. These assist 
in increasing the illuminosity, which is sometimes 
"greatly enhanced, too, by the presence of a small 
quantity of benzene vapour. These iilurainants, 
however, constitute but about 6 per cent, of the 
whole. 

Added to these, there are four other usual 
constituents which in no way increase the value 
of gas, but which rather detract from it. They 
are consequently as far as possible removed aa 
impurities in the process of gas-making. These 
are nitrogen, carbonic acid gas, and the destruc- 
tive sulphur compounds, aiuphuretted hydrogen 
id carbon bisulphide vapour. It is to the but 

o to which are to be attributed the injurious 

sets which the burning of gas has upon picturee, 
^andalso thetam\&Mngwhichmetalfitti]]£a J 
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i gas is burnt, since tlicy give rise to 
formation of oil of vitriol (aulphunc acid), 
which is being incessantly poured into the air. 
Of coiirae the amount so given off is little as com- 
pared with that which escapes from a coal fire, 
but, fortunately for the inmates of the room, in 
this case the greater quantity goes up the 
chimney ; this, however, is but a. method of post- 
poning the evil day, until the atmosphere becomes 
. BO laden with impurities that what proceeds at 
' first up the chimney will finally again make its 
way back through the doors and windows. A 
recent official report tells us that, in the town 
of Ht Helen's alone, sufficient sulphur escapes 
annually into the atmosphere to finally produce 
110,580 tons of sulphuric acid, and a computa- 
tion has been made that every square mile of 
land ill London is deluged annually with 180 
tons of the same vegetation-denuding acid. It 
ia a matter for wonder that any green thing con- 
tinues to exist in such places at all. 

The chief constituents of coal-gaa are, therefore, 
briefly as follows : — 



Hydrogen, 

Marsh-gas (carbnretted hydrogen or fire- 
damp). 

Carbon monoxide, 

defiant gas (ethylene, or heavy carbnretted 
hydrogen), with other olefines, 

Nitrogen, 

Carbonic acid gas. 

Sulphuretted hydrogen, 

Carbon bisulpMde (vapovn:V 
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tlie last four being regarded aa impurities, irliieh 
are removed as far as possible in tlie manufacture. 



In the process of distillation of the coal, ■ 
have seen that variouB other important substances 
are brought into existence. The final residue of 
coke, which is impr^nated with the sulphur 
which has not been volatilised in the form of 
sulphurous gases, wo need scarcely more than 
mention here. But the gas-tar and the am- 
moniacal liqaor are two important products which 
demand something more than otir casual attention. 
At one time regarded by gaa engineers as unfor- 
tunately necessary nuisances in the manufacture 
of gas, they have both become so valuable on 
account of materials which can be obtained from 
them, that they enable gas itself to be sold now 
at less than half its original price. The waste 
of former generations is being utilised in this, 
and an instance is recorded in which tar, which 
was tnown to have been lying useless at the 
bottom of a canal for years, has been purchased 
by a gas engineer for distilling purposes. It has 
been estimated that about 590,000 tons of coal- 
tar are distilled annually. 

Tar in its primitive condition has been used, 
aa every one is aware, for painting or tarring a 
variety of objects, such aa barges and palings, in 
fact, as a kind of protection to the object covered 
from the ravages of insects or worms, or to pre- 
vent corrosion when applied to metal piers. But 
it is worthy of a better purpose, and ia capable 
of yielding far more useful and interesting eub- 
Btances than even the most imaginative individual 
could have dreamed of fifty years ago. 



In the process of distillation, the tar, after 
Btaudiiig in tanks for some time, iii order that 
aaj ammoiiiacal liquor which may he present may 
rise to the surface and be drawn off, i« pumped 
into Urge stilU, where a moderate amount of heat 
is applied to it. The result is that some of the 
more volatile products pass over and are collected 
in a receiver. These first products are known 
■ ft9 ^first light oih, or crude onl-'iiiplilJia, and to this 
\ naphtha all the nimterous natural naphthas which 
1 have been discovered in various portions of the 
; world, and to which have been applied numerous 
^ local names, bear avery close I'esemblance. Such 
au one, for instance, was that small but famous 
teanD% at Biddings, in Derbyshire, from which 
'WB late Mr Young — Paraffin Young— obtained 
J Itis well-known paraffin oil, which gave the initial 
impetus to what has since developed into a trade 
. of immense proi)ortions in every quarter of the 
|. globe. 

After a time the crude coal-naphtha ceases to 
'6ow over, and the heat is increased. The result 
ris that a fresh series of products, known as 
tnedium oils, passes over, and these oils are again 
,'Gollected and kept sepa-rate from the previous 
lories. These in turn cease to How, when, by a 
farther increase of heat, what are known as the 
'ieavy oils finally pass over, and when the last 
of these, gj-een greiise, as it is called, distils over, 
pitch alone is left in the still. Fitch is used to 
'a lai^ extent in the pre|>aration of artificial 
jasphalte, andaisoofafuelknownas "briquettes." 
. The products thus obtained at the various 
IS of the process are themselves sab^ected 



to further distillation, and by the exercise of 
great care, requiring the most delicate and 
accurate treatment, a large variety of oils is 
obtained, and these are retaUed under many and 
various fanciful names. 

One of the most important and best known. 
products of the fractional distillation of crude 
coal-naphtha is that known as len-ene, or benzole, 
(C|jHu). This, in its unrefined condition, is a 
"jht spirit which distils over at a point some- 
what below the boiling point of water, but a 
delicate process of rectification is necessary to 
produce the pure spirit. Other products of the 
eame light oils are toluene and xylene. 

Benzene of a certain quality ia of course a 
very familiar and useful household supplement. 
It is sometimes known and sold as benzene coUas, 
i ased for removing grease from clothing, 
cleaning kid gloves, &c. If pure it is in reality 
a most dangerous spirit, being very inflammable ; 
it ia also extremely volatile, so much so that, if 
an uncorked bottle be left in a warm room where 
ia a fire or other light near, its vapour will 
probably ignite. Should the vapour become 
mixed with air before ignition, it becomes a 
most dangerous explosive, and it will thus be 
how necessary it is to handle the article in 
household use in a most cautious manner. Being 
highly volatile, a considerable degree of cold is 
.-■erienced if a drop be placed on the hand and 
wed to evaporate. 

lenzene, which is only a compound of carbon 

■ hydrogen, was first discovered by Faraday 

35; it is now obtained in large <\uantitiea 




'araday J 
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I fvom coal-tar, not so much for use as benzene 

as for ite conversion, in the firet place, by the 

action of nitric acid, into iiilro-beinole, a liquid 

having an odour like the oil of bitter almonds, 

and which is much used by perfumers under the 

I name of essence de mirbane ; and, in the aecond 

I place, for the production from thiii nitro-benzole 

I of the tM'-fajaed aniliiit. After the distillation of 

I benzene from the crude coal-naphtha ia completed, 

I the chief impurities in the residue are charred 

I and deposited by the action oi strong sulphuric 

I acid. By further distillation a lighter oil is given 

off, often known as artifidal iurpeiifiiie uil, which is 

used as a solvent for varnishes :ind lackers. This 

is very familiar to the costermoogcr fraternity aa 

the oil which is burned in the flaring Lamps which 

[ illuminate the New Cut or the Elephant and 

I Castle on Saturday and other market nights. 

I By distillotiou of the heosij oil-^, carbolic acid 

rand commercial milhracem are produced, and by a 

i treatment of the residue, a white and crystalline 

I Bubatance known as lui^hlhaiin (CjoH^) \z finally 

I obtained. 

I Thus, by the continued operation of the 
I chemical process known as fractional distillation 
I of the immediate products of coal-tar, these 
I various series of useful oils are prepared. 
I The treatment is much the same which has 
I resulted in the production of parafBa oil, to 
■ which we have previously referred, and an 
I account of the production of coal-oils would be 
I very far from satisfactory, which made no men- 
I tiou of the production of similar commodities 
I by the direct distillation of ah&le. Oil-elule^q 
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bituminous shales, exist in all parte of the wt^ld, 
and may be regarded as mineral matter largely 
impregnated by the products of decaying vegeta- 
tion. They therefore greatly resemble some coals, 
and really only differ therefrom in degree, in the 

Juantity of vegetable matter which they contain. 
Dto the subject of the various native petroleums 
which have been found — for these rock-oila are 
better known as petroleums — in South America, 
in Burmah (Gangoon Oil), at Baku, and the 
ohores of the Caspian, or in the United Statea of 
Americu, we need not enter, except to note that 
in all probability the action of heat on under- 
ground bituminous strata of enormous extent 
has been the cause of their production, just 
as on a smaller scale the action of artificial 
heiit has forced the reluctant shale to give 
up its own burden of mineral oil. However, 
previous to 1847, although native mineral oil 
had been for some years a recognised article of 
commerce, the causes which gave rise to the 
oil-wells, and the source, probably a deep-seated 
one, of the supply of oil, does not appear to have 
been well known, or at least was not enquired 
after. But in that year Mr Young, a chemist at 
Manchester, discovered that by distilliug some 
petroleum, which he obtained from, a spring at 
Biddings in Derbyshire, he was able to procure a 
light oil, which he used for burning in lamps, 
whilst the heavier product which he also obtained 
proved a most useful lubricant for machinery. 
This naturally distilled oil was soon found to 
be similar to that oil which was noticed drip- 
" in^ from the roof of a coal-mine. Judging 
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that the coal, being under the influence of haat, 
was the Hiuse of the production of the oil, Mr 
Young tested this conclusion by distUiing the 
coal itself. Success attended his endeavour thus 
to procure the oil, and indelibly Young stamped 
his name upon the roll of famous men, whose 
industrial inventions have done so much towards 
the accomplishment of the marvellous progress of 
the present century. From the distillation he 
obtained the welMinown Young's Paraffin Oil, 
and the astonishing developments of the process 
which have taken place since he obtained his 
patent in 1850, for the manufacture of oils and 
solid paraffin, must have been a source of great 
satisfaction to him before his death, which 
occurred in 1883, 

Cannel coal. Boghead or Bathgate coal, and 
bituminous shales of various qualities, have all 
been requisitioned for the production of oils, and 
from these various sources the crude naphthas, 
which bear a variety of names according to some 
peculiarity in their origin, or place of occurrence, 
are obtained. Boghead coal, also known as 
" Torebanehill mineral," gives Boghead naphtha, 
while the crude naphtha obtained from shales is 
often -quoted as shale-oil. In chemical com- 
position these naphthas are closely related to one 
I another, and by fractional distillation of them 
similar series of products are obtained as those 
Dire have already seen as obtained from the crude 
' nal-naphtha of coal-tar. 

In the direct distillation of cannel-coal for the 
tduction of paraffin, it is necessary that 
Brpendicular tubes or retorts into wbitk tKa 
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is placed be heated oaly to a certain, temperatnre, 
which is coneiderably lower than that applied 
when the object is the production of coal-gas. 
Uy this means nearly all the volatile matters 
pasa over in tlie form of condensible vapours, 
and the crude oils arc at once formed, from 
whence are obtained at different temperatures 
various volatile ethers, benzene, and artificial 
turpentine oil or petroleum spirit. After these, 
the well-known safety-burning paraffin oil follows, 
but it is essential that the previous three volatile 
products be completely cleared lirst, since, mixed 
with air, they form highly dangerous explosives. 
To the fact that the operation is carried on in 
the manufactories with great care and accuracy 
can only be attributed the comparative rarenesg 
of exi>losions of the oil used in households. 

After paraflin, the heavy lubricating oils are 
next given off, etill increasing the temperature, 
and, the residue being in turn subjected to a very 
low temperature, the white solid substance known 
as paraffin, so much used for making candle% is 
the result. By a different treatment of the same 
residue is produced that wonderful salve for 
tender skins, cuts, and bums, known popularly 
as mneliiie. Probably no such widely-advertised 
remedial substance has so deserved its success as 
this universivlly-used waste product of petroleum. 

We have noticed the fact that in order to pro- 
cure safety-burning oils, it is absolutely necessary 
that the more volatile portions be completely 
distilled over first. By Act of Parliament a test 
'"' applied to all oils which are intended tea 

yoses of illumination, and Ae teat used conr 
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of what is known as the flashing-point. 
Many of the more volatile ethers, which are 
highly infiamniahle, are given off even at ordinary 
temperatures, and the application of a light to 
the oil will cause the volatile portion to " flash,'' 
as it is called. A safety -burning oil, according to 
the Act, must not flash under 100° Fahrenheit 
open tost, and all those portions vhicli flash at 
a less temperature must be volatilised off before 
the residue can be deemed a safe oil. It seems 
probable that the flashing-point will sooner or 
later be raised. 

One instance may be cited to show how neces- 
sary it ia that the native mineral oils which have 
been discovered should have this effectual test 
n]>plied to them. 

When the oII-woHb were first discovered in 
America, the oil was obtained simply b^ a process 
of boring, and the fountain of oil which was bored 
iato at times was so prolific, that it rushed out 
with a force which carried all obstacles before it, 
and defled all control In one instance a column 
of oil shot into the air to a height of forty feet, 
and defied all attempts to keep it under. In 
order to prevent fiirther accident, all lights in 
the immediate neighbourhood were estioguishtd, 
the nearest remaining being at a distance of 
I fourhnndredfeet. But ia this crude naphtha there 
"^ I, as usual, a quantity of volatile spirit which 
i being given off even at the temperature of 

e surrounding atmosphere. This soon became 
ignited, and with an explosion the column of oil 
raa suddenly converted into a roaring column 
f Are. The owner of the pro^eit^ maa thrown. 
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a distftiic« of tveaty feet by the explosion, aad 
sDon afterwards died from the bums which he 
had received from it. Such an accident coald I 
not now, however, happen. The tapping, I 
stopping, and regulating of gushing wells can now 
be more eSectually dealt with, and in the process i 
of refining; the most inflammable portions are | 
separated, with a result that, as no oil is used in ' 
the country which flashes under 100° F. open 1 
test, and as our normal temperature is consider- | 
ably less than this, there is little to be feared in 
the way of explosion if the Act be complied with. 

When the results of Mr Youngs labouro 
became publicly known, a number of companies 
were started with the object of working on the 
lines laid down in his patent, and these not only 
in Great Britain but also in the United States, 
whither quantities of cannel coal were shipped 
from England and other parts to feed the retorts. 
In 1S60, according to the statistics furnished, 
some seventy factories were established in the 
United States alone with the object of extracting 
oil from coal and other mineral sources, such as 
bituminous shale, etc. When Young's patent 
finally expired, a still greater impetus was given 
to its production, and the manufacture would 
probably have continued to develop were it not 
that attention had, two years previously, been 
forcibly turned to those discoveries of great stores 
«f natural oil in existence beneath a compara- 
tively thin crust of earth, and which, when bored 
into, spouted out to tremendous heights. 

The discovery of these oil-fountains checked 
for a time the development of the industry, 
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but wibli the great production there has appar- 
iCntly been a greatly iDcrea^sed demand for it, and 
the British industry once again appears to thrive, 
■nutil even bituminous shales have been brought 
-under requisition for their contribution to the 
national wealth. 

Wore it not for the nuisance and difficulty ex- 
perienced in the proper cleaning and trimmirig 
of lamps, there seems no other reason why min- 
eral oil shonld not in turn have superseded the 
of gaa, even as gaa had, years before, super- 
veded the expensive animal and vegetable oils 
which had formerly been in use. 

Although this great development in the use of 
inineral oils has taken place only within the last 
thirty years, it must not be thought that their 
use is altogether of modern invention. That 
they were not altogether unknown in the fifth 
century before Christ is a matter of certainty, 
land at the time when the Persian Empire was at 
the zenith of its glory, the fires in the temples of 
the fire-worshippera wer« undoubtedly kept fed 
1>y the natural petroleum which the districts 
around afforded. It is thought by some that the 
legend which speaks of the iire whicli came down 
from heaven, and which lit the altars of the 
JZoroastriana, may have had its origin in the 
discovery of a hitherto unknown petroleum 

Siring. More recently, the remarks of Marco 
dIo in his account of his travels in A.D. 1260 
and following years, are particularly interesting 
B8 showing that, even then, the use of mineral oil 
for various purposes was not altogether unknown. 
Me says that on the north ai &.Yvafiiua. t' ~ 



Greater is " Zorzaoia, in the confines of whicli a ' 
fountain is found, from which a li<|Uor like oil i 
flows, and though unprofitable for the seaeoning | 
of meat, yet is very fit for the supplying of lamps, ] 
atid to anoint other things ; and this natural 
oil flows constantly, and that in plenty enough to { 
lade camels." | 

From this we can infer that the nature of the 
oil wfis entirely unknown, for it was a ■' liquor , 
like oil," and was also, strange to aay, " unprofiU 
able for the seasoning of meat " ! In another 
place in Armenia, Marco Polo states that there 
was a fountain "whence rises oil in such abund- 
ance that a hundred ships might be at once 
loaded with it. It is not good for eating, but 
Tery fit for fuel, for anointing the camels in 
mahtdies of the skin, and for other purposes ; for 
which reason people come from a gi'eat distance 
for it, and nothing else is bunied in all this 
country." 

The remedial effects of the oil, when used as 
an ointment, were thus early recognised, and the 
far-famed vaseline of the present day may be re- 
garded as the lineal descendent, so to speak, of 
the crude medicinal agent to which Marco Polo 
refers. 

The term asphalt has been applied to so many 
and various mixtures, that one scarcely associates 
it with natural mineral pitch which is found in 
some parts of the world. From time immeinorial 
this compact, bituminous, resinous mineral has 
been discovered in masses on the shores of the 
Dead Sea, which has in consequence received the 
well-known title of Lake Asphaltites. Like the 
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Bfiiis has had its origin in the dcconi position of 

Hegetable matter, and appears to be thrown tip 

Hi a liquid form by the volcanic energies which 

^te still believed to be active in the centre of the 

^bke, and which may be existent beaetkth a 

HtraUira, or beJ, of oil-producing bitumen. 

H In connection with the formation of this aub- 

Bhuice, the remarks of Sir Charles Lyell, the 

Ho^st geologiGt, may well be quoted, as showing 

Wpie transformation of vegetable matter into 

Htetroleum, and afterwards into solid-looking 

Ksphalt. At Trinidad is a lake of bitumen 

which is a mile and a half in circumference. 

"The Orinoco has for ages been rolling down 

great quantities of woody and vegetable bodies 

into the surrounding aea, where, by the influence 

of currents and eddies, they may be arrested, and 

accumulated in particular places. The frequent 

occurrence of earthquakes and other indications 

of volcanic action in those parts, lend counte- 

■ nance to the opinion that these vegetable sub- 

I -Stances may have undei^one, by the agency 

I of subterranean Are, those transformations or 

r chemical changes which produce petroleum ; and 

I this may, by the same causes, be forced up to the 

I surface, where, by exposure to the air, it becomes 

[■inspissated, and forma those different varieties 

I of earth-pitch or asphaltum go abundant in the 

I It is interesting to note also that it was ob- 
I tained, at an ancient period, from the oil-fountains 
Eof Is, and that it was put to considerable use in 
■Uie embalming of the bodies of the Egyptians, It 
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appears, too, to have been employed in the con- 
etruction of the walls of Babylon, and thus from 
very early times these wonderful products and 
results of decayed vegetation have been brought 
into use for the service of man. 

Aniline has been previoualy referred (p. 135) 
to as having been prepared from nitro-benzol^ 
or essence de mh'hiuir, and its preparation, by 
treating this substance with iron-filings and 
acetic acid, was one of the early triumphs of 
the chemists who undertook the search after the 
unknown contained in gas-tar. It had previ- 
ously been obtained from oils distilled from 
bones. The importance of the substanca lies in 
the fact that, by the action of various chemical 
reagents, a series of colouring matters of very 
great richness are formed^ and these are the 
well-known anUiiie di/es. 

As early as 1836, it wad discovered that aniline, 
when heated with chloride of lime, acquired a 
beautiful blue tint. This discovery led to no 
immediate practical result, and it was not nntii 
twenty-one years after that a further diacoveiy 
was made, which may indeed be said to have 
achieved a world-wide reputation. It was fonnd 
that, by adding bichroniate of potash to a solution 
of aniline and sulphuric acid, a powder was ob- 
tained from which the dye was afterwards ex- 
tracted, which is known as mamv. Since that 
time dyes in all shades and colours have been 
^obtained from the same source. Magenta was 
^ e next dye to make its appearance, and in the 

ikie history of fashion, probably no colours lu 

id flucJi extraordinary runa of ^^ularity 
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those of manve aad maganta. Every conceivable 
eolour waa obtained in due course from tbe same 
source, and chemista began to suspect that, in the 
course of tinip, the colouring matter of dyer's 
madder, which was known aa alLariit, would 
also be obtained therefrona. Hitherto this had 
been obtained from the root of the madder-plant, 
but by dint of careful and well-reasoned research, 
it was obtained by Dr Groebe, from a solid 
crystalline coal-tar product, known as anthracene, 
I (C,^H„). This artificial alizarin yields colours 
I which are purer than those of natural madder, 
and being derived from what was originally re- 
garded as a waste product, its coat of production 
is considerably cheaper. 

"We have end>avoured thus far to deal with 
(I) gas, and (2) tar, the two principal products in 
the distillation of coal. We have yet to say a 
few words concerning the useful ammoniacal 
liquor, and the final residue in the retorts, I'.f., 
■■»ke. 

The ammoniacal liquor which has been passing 
iver during distillation of the coal, and which 
n collecting in the hydraulic main and in 
bhor parts of tbe gas-making apparatus, ia set 
kide to be treated to a variety of chemical re- 
letions, in onler to wrench from it its useful con- 
ItitaentB. Amongst these, of course, amimnia 
tands in the first rank, the others being compare 
tively unimportant. In order to obtain this, the 
r is first of all neutraliaed by being treated 
a quantity of acid, which converts the prin,- 
ieipal constituent of the liquor, viz., carbonate 
oiua {smelling salts), iuto either &u.l^hat% 
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of ammonia, or chloride of ammonia, familiarly 
known as sal-ammoniac, according as aulphurie 
acid or hydrochloric acid is the acid used. 
Thus carbonate of ammonia with sulphuric 
acid will give sulphate of ammonia, but car- 
bonate of ammonia with hydrochloric acid will 
give Bal-ammoniac (chloride of ammonia). By 
a further treatment of these with lime, or, as it is 
chemically known, oxide of calcium, ammonia is 
set free, whilst chloride of lime (the well-known 
disinfectant), or sulphate of lime (gypsum, or 
" plaster of Paris '' ), is the result. 

Thus; 
Sulphate of Bmmouia + lime = j)iiister of Pai'is-J- ammonia. 



LE = cliloride of lime + 
Ammonia itself ia a most powerful gas, and 
acta rapidly upon the eyes. It has a stimulating 
effect upon the nerves. It is not a chemical 
element, being composed of three parts of 
hydrogen by weight to one of nitrogen, both of 
which elements alone are very harmless, and, 
the latter indeed, very necessary to human life. 
Ammonia is fatal to life, producing great irrita- 
tion of the hmga. 

It has also been called " hartshorn," being 
obtained by destructive distillation of horn and 
bone. The name " ammonia " is said to havB 
been derived from the fact that it was fii-st ob- 
tained by the Anibs near the temple of Jupiter 
Ammon, in T-j'bia, North Alrica, from the ex- 
crement of camels, in the form of sal-ammoniac. 
' i2iare are always traces of it in the atmosphere, 
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_>eciaUy iu the vicinity of large towns and 
manufactories where lai'ge quaiititiea of coal are 
burned. 

Coke, if properly prepared, should consist of 
pure carbon. Good coal should yield s.s much 
as 80 per cent, of coke, but owing to the un- 
satisfactory maimer of its production, this pro- 
portion is seldom yielded, whilst the coke which 
ia familiar to householders, being the residue 
left in the retorts after gas-making, usually cou- 
taios so large a proportion of sulphur as to make 
its combustion almost offensive. No doubt the 
result of its unsatisfactory preparation has been 
that it has failed to make its way into households 
»s it should have done, but there is also another 
objection to its use, namely, the fact that, owing 
to the quantity of oxygen required iu its com- 
bustion, it gives rise to feelings of suffocation 
where insufRcient ventilation of the i-ootu is 
provided. 

Large quantities of coke are, however, con- 
sumed in th^e_feeding of furnace tires, and in the 
heating of boilers of locomotives, as well as iu 
metallurgical operations ; and in order to supply 
the demand, large quantities of coal are "coked," 
a process by which the volatile products are 
completely combusted, piire coke remaining be- 
ind. This process is therefore the direct 

poeite to that of " distillation," by which the 

Mile products are carefully collected and 

-distilled. 
i The sulphurous impurities which are always 
b in the coa', and which are, to a certain 

Etent, retained in coke made at the 
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worts, themselves have a value, which in these 
ntititariaii days is not long likely to escape the 
attention of capitaliEts. In coal, bands of bright 
shining iron pyrites are constantly seen, even in 
the homely scuttle, and when coal ia washed, as 
it is in some places, the removal of the pyrites 
increases the value of the coal, whilst it has a 
value of its own. 

The conversion of the suljAur which escapee 
from our chimneys into sulphuretted hydrogen, 
and then into sulphuric acid, or oil of vitriol, has 
already been referred to, and we can only hope 
that in these days when every available source 
of wealth is being looked up, and when there 
threatens to remain notbiny which shall iu the 
future he known as " waste," that the atmos- 
phere will be spared being longer the receptacle 
for the imowned and execrated brimstone 
millions of fires and furnaces. 



CHAPTER Vn. 

THE COAL SUPPLIES OF THE WORLP. 



A-H compared with some of the American coal- 
fields, those of Britain are but small, both in 
Ixtent and thickness. They can be regarded as 
^^lling naturally into three principal areas. 

I The northern coal-field, including those of Fife, 
I Stirling, and Ayr in Scotland ; Cumberland, 
I Newcastle, and Durham in England ; Tyrone 
in Jreiand. 
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The middle coal-field, all geologically in uDion, 
iDcluding those of Yorkshire, Derbyshire, 
Shropshire, Staffordshire, Flint, and Den- 
bigh. 

The southern coal-field, including South Wales, 
Forest of Dean, Bristol, Dover, with an off- 
shoot at Leinster, &c., and Millstreet, CVwk. 

Thus it will be saen that while England and 
Scotland are, in compaiison with their extent of 
surface, bouatifoUy supplied vith coal-areae, in 
the sister island of Irelsnd coal- producing areas 
are almost absent. The isolated Ijeds in Cork 
and Tipperary, in Tyrone and Antrim, are bat 
the remnants left of what were formerly beds of 
coal extending the whole breadth and length of 
Ireland, Such beds as there remain nndoubtedly 
belong to the base of the coal-measures, and 
observations all go to show that the surface 
Buffered such extreme denudation subsequent to 
the growth of the coal-forests, that the wealth 
which once lay there, has been swept away from 
the surface which formerly boasted of it. 

On the continent of Europe the coal-fields, 
though not occupying so large a proportion of 
the surface of the country aa in England, are 
very far from being slight or to be disregarded. 
The extent of forest-lands still remainiog in Ger- 
many and Austria are BufHcing for the immediate 
needs of the districts where some of the best 
seams occur, it is only where there is a dearth 
of handy fuel, ready to be had, perhaps, hy the 
simple feUing of a few trees, that man commences 
to di^r into the earth for hia itte\. B\& ^W&ss«i^ , 
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on the contineiib not yet occapying bo prominent 
a position in public estimation as do coat-fields 
' 1 Great Britain, those of the former have one 
conspicuous characteristic, viz., the great thick- 
ness of some of the individual aeams. 

In the coal-field of Midlothian the seams of cool 
vary from 2 feet to 5 feet in thickness. One of 
them is known as the " great seam," and in spite 
of its name attains a thickness only of Irom 8 to 
10 feet thick. There are altogether about thirty 
seams of coal. When, however, we pass to the 
continent, we find many instances, such as that 
of the coal-field o£ Central France, in which the 
scams attain vast thicknesses, many of them 
actually reaching 40 and 60 feet, and sometimes 
even 80 feot. One of the seams in the district 
of St. Etienne varies from 30 to 70 feet thick, 
whilst the fifteen to eighteen workable seams 
give a thickness of 112 feet, although the total 
area of the field is not great. Again, in the 
remarkable hasin of the Sa6ne^t-Loire, although 
there are but ten beds of coal, two of them run 
from 30 to 60 feet each, whilst at Creusot the 
main seam actually runs locally to a thickness 
varying between 40 and 1 30 feet. 

The Belgian coal-fleld stretches in the form of 
a narrow strip from 7 to 9 miles wide by about 
100 miles long, and is divided iuto three prin- 
cipal basins. In that stretching from Li^e to 
Verviera there are eighty-three seams of co^ 
I none of which are less than 3 feet thick. In lihe 
^ basin of the Sambre, stretching from Namur to 
lu/harleroi, there are seventy-three seams which 
K^ vorkAble, whilst in Oict \}«V'nQi&Ti. Motu iij)^_ 
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^fThnlin tliere are no leas than one liundreil ftnil 
fifty-seven seams. The measures here are bo 
folded in iiigzag fashion, that in boring in tlie 
neighbourhood of Mons to a depth of 3uO yards 
vertical, a single seam was passed through no 
less than six times. 

Germany, on the west side of the Ithine, is 

exceptionally fortunate in the jiossession of the 

^K&unous Pfalz-Saarbriicken coal-field, measuring 

Hjlflbout 60 miles long by 20 miles wide, and cover- 

^Kng about 175 squai-e miles. Much of the coal 

^FirHich lies deep in these coal-measures will always 

^^ remain unattainable, owing to the enormous 

thickness of tbe sti'ata, but a careful computation 

made of the coal which can be worked, gives an 

estimate of no less than 3750 millions of tons. 

There is a grand total of two hundred and forty- 

■ seams, although about half of them are 

unworkable. 

Beside other amallei' coal-producing areas in 
Ctermany, the coal-itelds of Silesia iu the soath- 
eaatern corner of Prussia are a possession un- 
rivalled both on account of their extent and 
ihjckness. It is stated that there exist 333 feet 
of coal, all the seams of which exceed 2^ feet, 
«nd that in the aggregate there is here, within a 
workable depth, the scarcely conceivable quantity 
of 50,000 million tons of coal. 

The coal-field of Upper >Silesia, occupying an 
area about 20 miles long by 15 miles broad, is 
estimated to contain some 10,000 feet of strata, 
^th 333 feet of good coal. This is about three 
times the thickness contained in the South ^Vales 
al-^eld, iu a aimilao: tUicknoBa o( cxAX-isiivuuuftk,^ 
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There are single Beams up to 60 feet thiuk, but 
inuuh of the coal ia covered by more recent rocks 
of NewEedandCretaceouBage, In Lower Sileaia 
there are numerous seams 3^ feet to 5 feet thick, 
but owing to their liability to change in character 
even in. the same Beam, their value is inferior to 
the coala of Upper Sileaia. 

"When British supplies are at length exhausted, 
we may anticipate that eome of the earliest coals 
to he imported, should coal theu be needed, will 
reach Britain from the upper waters of the Oder, 

The coal-field of Westphalia has lately come 
into prominence in connection with the search 
which has been made for coal in Kent and Surrey, 
the strata which are mined at Dortmund being 
thought to be continuous from the Bristol coal- 
field. Borings have been maiie through the 
chalk of the district north of the AVeatphalian 
coal-field, and these have shown the existence of 
further coal-measures. The coal-field extends 
between Essen and Dortmund a distance of 30 
miles east and west, and exhibits a series of 
about one hundred and thirty seams, with an 



•ggregate of 300 feet of coal. 
' It IB estimated 



estimated that this coal-field alone con- 
tains no less than 3d,S0O millions of tons of coaL 
Russia possesses supplies of coal whose in- 
fluence has scarcely yet been felt, owing to the 
sparseneBS of the population and the abundance 
of forest. Carboniferous rocks abut agaiuBt the 
flanks of the Ural Mountains, along the sides of 
which they extend for a length of about a 
thousand miles, with inter-stratifications of coaL 
leir actual contenta bave aot -set \r,s;\i. ^uged, 
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of many others which will, when pro[)erIy worked, 
eatiefy the needs of a much lai^er population 
than the country now possesses. 

Like the lower coald of Scotland, the Russian 
coals are fouud in the carboniferous limestone. 
This may also be said of the coal-iieMs in the 
gOTemments of Tula and Kaluga, and of those im- 
jportant coal-hearing strata near the river Doneti, 

■jtretcbing to the northern corner of the Sea of 
A^ov. In the last-named, the seatns are spread 
over an area of 11,000 square miles, iu which 
there are forty-four workable seams containing 
1 1 4 feet of coal. The thickest of known Russian 
coals occur at Lithwinsk, where three seams are 
I worked, each measuring 30 feet to 40 feet thick. 
^l An extension of the Upper Silesian coal-field 
i^jpears in Russian Poland. This is of upper 
if^rboDiferous age, and contains an aggregate of 
^ feet of coal. 

At Oatrau, in Upper Silesia (Austria), there is 
a remarkable coal-field. Of its 370 seams there 
are no less than 1 1 7 workable ones, and these 
contain 350 feet of coaL The coals here are very 
fnll of gaf, which even percolates to the cellars of 
' a tlie town, A bore hole which was sunk 
in 1852 to a depth of 150 feet, gave off a stream 
of gas, which ignited, and burnt for many years 
with a flame some feet long. 

The Zwickau coal-field in Saxony is one of the 
noBt important in Europe. It contains a re- 
;Inarkable seam of coal, known as Russokohle or 
soot-coal, running at times 25 feet thick. It was 
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separated hy Geinitz and others into four zonee, 
according to their vegetable contents, viz, ^^ 

1, Zone of Ferns. 

2. Zone of Annitlaria and Calatnites. 
'i. Zone of Sigillaiia. 
i. Zone of Sagenaria (in Silesia), equivalenil 

to the culoi-meaBnrea of Devonshire. 

Coals belonging to other than true Carboni- 
ferous age are found in Europe at Steyerdorf on 
the Danube, where there are a few Beams of good 
coal in strata of Liassic age, and in Hungary and 
Styria, where there are tertiary coals whieh 
approach closely to those of true Carboniferous 
age in composition and quality. 

In Spain there are a few small scattered basins. 
Coal is found overlying the cm-boniferoiis lime- 
stone of the Cantahrian chain, the aeanas being 
from 5 feet to 8 feet thick. In the Satero Talley, 
near ^otHIo, is a single seam measuring from 60 
feet to 100 feet thick. Coal of Neocomian age 
appears at Montalban, 

^^^len we look outside the continent of Europe 
we may well 1nc astonished at the bountifnt 
manner in which nature has laid out beds of 
coal upon these ancient surfaces of our globe. 

Professor Eogers estimated that, in the United 
States of America, the coal-fields occupy an area 
of no less than 190,850 square miles. 

Here, again, it is extremely probable that the 
coal-fields which remain, in spite of their gigantic 
existing areas, are but the remnanta of one 
tremendous area of deposit, hounded only on 
"'e east by the Allautic, a.tvd on t\^% ^eat bf if.. 
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line running from the great lakes to the frontiers 
of Mexico. The whole area has beeu subjented 
to forces which have produced foldings and 
flexures in the Carboniferous strata after depo- 
sition. These undulations are greatest near the 
Alleghanies, and between these mountains and 
the Atlantic, whilst the flexures gntdually 
dying out westward, cause the strata there to 
remain fairly horizontal. In the troughs of the 
foldings thus formed the coal-measures rest, 
those portions which had been thrown up as 
anticlines having suffered loss by denudation. 
Where the foldings are greatest there the coal 
has been naturally most altered j bituminous 
and caking-coals are characteristio of the broad 
0at areas west of the mountains, whilst, where 
I the contortions are greatest, the coal becomes a 
npure anthracite. 

W It must not be thought that in this huge area 

l^the coal is all uniformly good. It varies greatly 

in quality, and in some districts it occurs in such 

thin seams as to be worthless, except as fuel for 

consumption by the actual coal-getters. There 

are, too, areas of many square miles in extent, 

L where there are now no coals at all, the forma- 

■tioa having been denuded right down to the 

fcalteozoic back-bone of the country. 

F Amongst the actual coal-hclds, that of Pennsyl- 

Kvauia stands pre-eminent. The anthracite here 

Kb in inexhaustible quantity, its output exceed- 

Kng that of the ordinary bituminous coAl. The 

^^eat field of which this is a portion, extends in an 

Enbroken length for 875 miles N.E. and S. W,, and 

Eneludes the basins of Otio, M.a.T^\an.i,'^"'«^afl».i 
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Kentucky, and Tennessfe. The workable seams 
of anthracite about Pottsvijle measure in the 
aggregate from 70 to 207 feet. Some of the 
lower seatnB individually attain an exceptional 
thickness, that at Lehigh Sammit mine contain- 
ing a scam, or rather a bed, of 30 feet of good 

A remarkable aeam of coal has given the town 
of Pittsburg its name. Thia is 8 feet thick 
at its outcrop near the town, and although its 
thickness varies considerably, Professor Bogera 
estimates that the sheet of coal measures super- 
ficially about 14,000 square miles. What a forest 
there must have existed to produce go widespread 
a bed ! Even as it is, it has at a former epoch 
suffered great denudation, if certain detached 
; should be considered as indicating its 
, former extent. 

The principal seam iu the anthracite district 
of central Pennsylvania, which extends fur about 
650 miles along the left bank of the Susquehanna, 
is known as the " Mammoth " vein, and is 29^ feet 
thick at Wilkesbarre, whilst at other places it 
attains to, and even exceeds, 60 feet. 

On the west of the chain of mountains the 
foldings become gentler, and the coal assumes an 
t horizontal position. In passing through 
Ohio we find a saddle-back ridge or anticline of 
more ancient strata than the coal, and in con- 
sequence of this, we have a physical boondary 
placed uJ>on the coal-fields on each side. 

Passing across this older ridge of denuded 
^ Silurian and other rocks, we reach the famona 
Uiaoia and Indianai co9iV¥ie\&, -^ViMb 







taa OOAL StTTPLIES OF THE WORLD. 157 

in a broad trough, bounded on 
the west by the uprising of the carboniferous 
limestone of the u]jper Missisaipiii, This lime- 
stone formation appears here for the first time, 
having been absent on the eastern side of the 
Ohio anticline. The area of the coalfield is 
estimated at 51,000 Bqiiare miles. 

In connection with the coal-fields of the United 
States, it ia interesting to notice that a wide area 
in Texas, estimated at 30OO square mile?, pro- 
duces a large amount of coal annually from strata 
of the Liaseic age. Another important area of 
production in eastern Virginia contains coal re- 
ferable to the Jurassic age, and is similar in fossil 
contents to the Jurassic of Whitby and Brora. 
The main seam in eastern Virginia boasts a thick- 
of from 30 to 40 feet of good coal. 
Very serviceable lignites of Cretaceous age are 
land on the Pacific slope, to which age those of 
'Tancouver's Island and Saskatchewan Eiver are 
referable. 

Other coal-fields of less importance are found 

between Lakes Huron and Erie, where the 

measures cover an area oE BOOO scpare miles, and 

in Rhode Island. 

In British North America we find extensive 

lepositB of valuable coal-measures. Large develop- 

lenta occur in New Brunswick and Nova Scotia. 

South Joggius there is a thicknesB of 11,750 

iet of strata, in which are found seventy-six coal- 

ams of 45 feet in total thickoess. At Picton 

lere are six seams with a total of SO feet of coal. 

ijn the lower carboniferous group is found the 

' leculiar aaphaltic coal of the Albert mine in Now 
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Bmnswick. Extensive deposits of lignite are 
mot with both in the Dominion and in the 
United >States, whilst true coal-measiires flank 
both sides of the Hocky Mountains. Coal-seams 
we often encountered in the Arctic archipelago. 

The principal areas of deposit in South America 

e in Brazil, Uruguay, and Peru, The largest 
is the Candiota coal-Geld, in Brazil, where sec- 
tions in the valley of the Candiota Eiver show 
five good seams with a total of 65 feet of coaL 
It is, however, worked but little, the principal 
workings being at San Jeronimo on the Jacalu- 
hay Eiver. 

In Pern the true carboniferous coaWeams are 
found on the higher ground of the Andes, whilst 
coal of secondary age is found in considerable 
quantities on the rise towards the mountuns. 
At Porton, east of Truxillo, the same meta- 
morphism which has changed the ridge of sand- 
stone to a hard quartzitc has also changed the 
ordinary bituminous coal into an anthracite 
which is here vertical in position. The co^ of 
Peru usually rise to more than 10,000 feet aboTS 
" B sea, and they are practically inaccessible. 

Cretaceous coals have been fouud at Lota in 
Chili, and at Sandy Point, Straits of Magellan. 

Tnmiug to Asia, we find that coal has been 
worked from time to time at Heraclea in Asia 
Minor. Lignites are met with at Smyrna and 
Lebanon. 

The coal-fields of Hindoostan are small bnt 

merous, being found in ail parts of the penio- 
L There is an important coal-field at Rani- 
j, near the Hooghly, 140 miles north of 



Calcutta. I: ..i.- . .--. rf !■ 
In the !;.^..-.i. . - :aac 

.coals are of sc-n^-^si^iiAKia^H 

The best 4:11:^ ^M M^ id 

eome from a -bi3 onKm tf a 

Ipiles in extent, 1 



Ilk Jhtsiia nd flB tbe S«r H 
It Vopani OB tbc SoWHb. 

bd Quods itiaiii*. »■#■ G^ 

JwCOal of wUck B^ViM^I^] 

Tin eoild^cHti if Cln»«s 1 



coal 95 Eeet tUck, wkiA 
tiie needs of ^ t^. 
- - of wotan Chbi 







kt 100,000 eqmra ■ 
csteoid veetward to Ae ] 
where coal-aeami 30 fat dndt jin >■■— >• fie 
in horizontal pboe far 300 antes. Mart «r Ae 
Chinese coal-dqneiu are wdtrwl ol aaall vafa^ 
mther owing to tiie moaBbuBoaa aalan of Ae 
valleys in which they onUrtop, at to their inac- 
cessibility from the B«a. Japan is not lacking wi 
good supplies of coal. A colliery is worked by 
Vox, government on the iaknd of Takasima, n^"' 
Nagasaki, for the supply of coals for the iis« <>* 
the navy. 



160 TRK BTORY OF k FIXOB Of OOAL. 

The British possession of Labuan, off the island 
of Borneo, is rich in a coal of tertiary ago, re- 
markable for the quantity of fossil rcsia which 
it contains. Coal is also found in Sumatra, and 
in the Malayan Archipelago. 

In Cape Colony and Natiil the coal-bearing 
Karoo beds are probably of New Eed age. The 
coal is reported to be excellent in quantity. 

In Abyssinia lignites are frequently met with 
in the high lands of the interior. 

Coal ia very extensively developed throughont 
Australasia. In New South Wales, coal-measures 
occur in large detached portions between 29° and 
33° S. latitude. The Newcastle district, at tiie 
mouth of the Hunter river, is the chief seat of the 
coal trade, and the seams are here found up to 
30 feet thick. Coal-bearing strata are found at 
Bowen Eiver, in Queensland, covering an area 
of 24,000 square miles, whUst important mines 
of Cretaceous age are worked at Ipswich, near 
Brisbane. In New Zealand quantities of lignite, 
described as a hydrous coal, are found and util- 
ised ; also an anhydrous coal which may prove 
to he either of Cretaceous or Jurassic age. 

We have thus briefly sketched the supplies of 
coal, so far as they are known, which are to be 
found in various countries. But England has of 
late years been concerned as to the possible 
failure of Let home euppbes in the not very 
distant future, and the effects which such failnie 
wmdd be likely to produce ou the commercial 
prosperity of the country. 

Great Britain has long been the centre of the 
uaiverse in the supply oEthe world's coal, an^H 



matter of fact, has been for many years raising 
insiderably more than one half of the total 
noont of coal raised throughout the whole 
irld. There ie, its we have seen, an abundance 
r coal elsewhere, which will, in the course of 

t, compete with ber when properly worked, 
at Britain seems to have early taken the lead in 
ie production of coal, and to have become the 
Rat universal coal distributor. Those who hare 
Isgivings as to what will happen when her coal 
exhausted, receive little comfort from the fact 
;at in North America, in Prussia, in China and 
sewhere, there are tremendous supplies of coal 
I yet untouched, although a certain sense of 
dief is experienced when that fact becomes 
Uierally known. 

If by the time of exhaustion of the home 
3 Britain is atUl dependent upon coal for 
lel, which, in this age of electricity, scarcely 
ems probable, her trade and commerce will 
p\ with tremendous effect the blow which her 
lestige will experience when the first vessel, 
den with foreign coal, weighs anchor in a 
ritish harbour. In the great coal lock-out of 
J93, when, for the greater part of sixteen weeks 
RTcely a ton of coal reached the surface in some 

her principal coal-fields, it was rumoured, 
Iselj' as it appeared, thit a collier from America 
tA indeed reached those shores, and the im- 
wtance which attached to the supposed event 
BB shown by the anxious references to it in the 
ablic press, where the truth or otherwise of the 
larm was actively discussed. Should such a 
ling at any time actually come to psas, it will 
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indeed be a retribution to those who have for 
years been squanderitig their inheritance in 

many a wastefiil manner of coal-conaumptiDn. 

Thirty years ago, when eo much amall coal was 
wasted and wantonly consumed in order to dispoee 
of it in the easiest manner possible at the pit- 
moutha, and when only the best and largest coal 
was deemed to be of any value, louder and 
louder did scientific men speak in protest against 
this great and increasing prodigality. Wild 
estimates were set on foot showing how that, 
sooner or later, there would be in Britain no 
native supply of coal at all, and finally a Royal 
Commission was appointed in 1866, to collect 
evidence and report upon the probable time 
during which the supplies of Great Britain 
would last. 

This Commission reportea in 1S71, and the 
outcome of it was that a period of twelve hun- 
dred aud seventy-three years was assigned as the 
period during which the coal would last, at the 
theD-existing rate of consumption. The quantity 
of workable coal within a depth of 4000 feet was 
estimated to be 90,207 millions of tons, or, in- 
cluding that at greater depths, 146,480 millions 
of tana. Since that date, however, there has 
been a steady annual increase in the amount of 
coal consumed, and subsequent estimates go to 
show that the supplies cannot last for more than 
250 years, or, taking into consideration a possible 
I iecreaae in consumption, 350 years. Most of the 
oal-mines will, indeed, have been worked out iu 

B than a hundred years hence, and then, per- 
_'^lp«j the competitioQ biou^tfc about by tha 
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demand for, and the Bcarcity of, coal from the 
remaining tnioea, will have resulted in the 
dreaded importation of coal from abroad. 

In referring to the outcome of the Eoyal Com- 
mission of 1866, although the Comndasioners' 
fixed 80 comparatively short a period a.% the 
probable duration of the coal supplies, it is but 
fair that it should be stated that other estimates 
have been made which have materially differed 
from their estimate. Whereas one estimate more 
than doubled that of the Eoyal Commission, that 
of Sir William Armstrong in 1»C3 gave it as 212 
years, and Professor Jevons, speaking in 1875 
concerning Armstrong's estimate, observed that 
the animal increase in the amount used, which 
vras allowed for in the estimate, had so greatly 
itself increased, that the "\2 years must be con- 
siderably reduced. 

One can scarcely thoroughly appreciate thf 
enormous quantity of coal that is brought to 
the surface annually, and the only wonder is 
that there arc any supplies lefl at all. The 
Great Pyramid wluch is said by Herodotus to 
have been twenty years in building, and which 
took 100,000 men to build,. contains 3,394,307 
cubic yards of stone. The coal raised in 1892 
would make a pyramid which would contain 
181,500,000 cubic yards, at the low estimate 
that one ton could be squeezed into one cubic 

The increase in the quantity of coal which has 
been raised in succeeding years can well be seen 
from the following facts. 

In 1820 there were riueed m (J-Teah '£inUa». 
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ftbout 20 milliotis of tons. By 18.55 this amount 
had iocreased to 64^ mlUions. In 18^5 this 
again had increased to 98 millions, whikt twenty 
jreais after, viz., in 1885, this had increased to 
no teas than 159 milliona, such were the giant 
Strides which the increaEe in consumption made. 
In the return for 1892, this amount had farther 
increased to 18H millions of tons, an advance in 
eight years of a quantity more than equal to the 
total raised in 1820, and in 1894 the total 
reached 199^ millions; this was produced hy 
795,240 persons, employed in and about the 



CHAPTEi: YIII. 

THE COAL-TAK COLOUKS. 

In a former chapter some shght reference has 
been made to those bye-products of coal-tar which 
have proved so valuable in the production of the 
aniline dyes. It is thought that the subject is of 
so interesting a nature as to deserve more notice 
than it was possible to bestow upon it in that 
place. With abstruse chemical fonunlte and 
complex chemical equations it is proposed to 
have as little as possible to do, but oven the 
most unscientific treatment of the subject must 
occasionally necessitate a scientific method of 
elucidation. 

The dyeing industry has been radically changed 
during the last half century by the introduction 
of what are known as the urlijidul dyes, whilst 



nattanl colouring inattera whicli had pre- 
iouely been the sole basis of the induBtry, and 
rhich had been obtained by very simple chemical 
bethods from some of the constituents of the 
nimal kingdom, or which were found in a natural 
tate in the vegetable kingdom, have very largely 
Iven place to those which have been obtained 
a coal-tar, a product of the mineralised vege- 
lltion of the carboniferous age. 

The development and discovery of the aniline 
olouring matters were not, of course, possible 
ntil after the extensive adoption of house-gas 

- illuminating purposes, and even then it was 
lany years before the waste products from the 

A-works came to have an appreciable value of 
iieir own. This, however, came with the in- 
1 utilitarianism of the commerce of the 

t century, but although aniline was lirst 

Sscovered in 1826 by Unverdorben, in the 
iwterials produced by the dry distillation of 
idigo (Portuguese, anil, indigo), it was not until 
hirty years afterwards, namely, in 1856, that 
»e discovery of the method of manufacture of 

B first aniline dye, mauveine, was announced, 

le discovery being due to the persistent etlbrts 
[ Perkin, to whom, together with other chemista 
forking in the same field, is due the great ad- 
I which has been made in the chemical 
nowledge of the carbon, hydrogen, aud oxygen 
Dmponnds. Scientists appeared to work idong 
wo planes ; there were those who discovered 
attain chemical compounds in the resulting pro- 
ncte of reactions in the treatment of existing 
Bgfitation, and there were those whfl, aLad^\B^ 
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the wonderful conBtituents in coal-tar, the product 
of a. 2>ii^i age, immediately set to work to find 
thereia those compoands wlkich their contem- 
poraries had already discovered. Generally, too, 
with signal Buccess. 

The discovery of benzene in 1825 by Faraday 
was followed in the course of a few years by i^ 
discovery in coal-tar by Hofmann. Toluene, 
which was discovered in 1837 by Pelletier, was 
recognised in the fractional distillation of crude 
naphtha by Mansfield in 1848. .-^Uthough the 
method of production of mauveine on a large 
scale was not accomplished until IS5G, yet it 
had been noticed in ISSi, the actual year of its 
recognition as a constituent of coal-tar, that, 
when brought into contact with chloride of 
lime, it gave brilliant colours, but it reqaired 
a considerable cheapening of the process of 
aniline manufacture before the dyes commenced 
to enter into competition with the old natural 
dyes. 

The isolation of aniline from coal-tar is ex- 
pensive, in cousequence of the small quantities ia 
which it is there found, but it was discovered by 
Mtscherlich that by acting upon benzene, one of 
the early distillates of coal-tar, for the production 
of nitro-benzole, a compound was produced from 
which aniline could be obtained in large quanti- 
ties. There were thus two methods of obtaining 
aniline from tar, the experimental and the 
practical. 

In producing nitrobenzole (nitrobenzene), 
chemically represented as C|;HjNO,m the nitric 
acid used as the reagent with benzene, is mixed 
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ith a quaatlty of sulpburic acid, -with the object 
" abaorbing water which is formed during the re- 
[tioD, as this would tend to dilute the efBcietmy 
the nitric acid. The proportions are 100 
of purified benzene, with a mixture of 1 1 5 
rts of concentrated nitric acid (HNO^) and 
D parts of concentrated sulphuric acid. The 
sture is gradually introduced into the large 
it-iron cylinder into which the benzene has been 
loured. The outside of the cylinder is supplied 
'ith an arrangement by which fine jets of water 
tn be made to play upon it in the early stages 
[ the reaction which follows, and at the end of 
■om eight to ten hours the contents are allowed 
1 run ofi" into a storage reservoir. Here they 
[range themselves into two layers, the top of 
'hich consietB of the nitrobenzene which has 
een produced, together with some benzene which 
: still unacted upon. The mixture is then freed 
im the latter by treatment with a current of 
am. Nitrobenzene presents itself as a yellow- 
h oily liquid, with a peculiar taste as of hitter 
Imonds. It was formerly in great demand by 
erfumers, but its poisonous properties render it 
dangerous substance to deal with. In practice 
given quantity of benzene will yield about 
150 per cent of nitrobenzene. Stated chemi- 
lly, the reaction is shown by the following 
[uation : — 
^^CgH,, + HKO3 = C.H.NOa + H^O 
Senzene) (Nitric acid) (Nitrobenzene) (Water), 
he water which is thus formed in the process, 
J the freeing of one of the aboias at k-^itta^-ft. 
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in the lienzene, ie absorbed by the sulphuric 
ucid present, although the latter takes no actual 
part in the reaction. 

From the nitrobenzene thus obtained, the 
aniline which is now uBed ho extensively ia pre- 
pareil. The component atoms of a molecule 
of anilijie are shown in the formula CgH^NHj. 
It is also known aa phenylamine or amido-ben- 
zole, or commercially as aniline oil. There ore 
various methods of reducing nitrobenzene foT 
aniline, the object being to replace the oxygen 
of the former by an equivalent number of atoms 
of hydrogen. The process generally used is that 
known as Bechamp's, with slight modifications. 
Equal volumes of nitrobenzene and acetic acid, 
together with a quantity of iron-filings rather in 
excess of the weight of the nitrobenzene, are placed 
in a capacious retort. A brisk effervescence 
ensues, and to moderate the increase of tempera- 
ture which is caused by the reaction, it Is found 
necessary to cool the retort. Instead of acetic 
acid hydrochloric acid has been a good deaj 
used, with, it is said, certain advantageous re- 
sults. From 60 to 65 per cent, of aniline on 
the quantity of nitrobenzene used, is yielded by 
E^champ's process. 

Stated in a few words, the above is the pro- 
cess adopted on all hands for the production of 
commercial aniline, or aniline oil. The details 
of the distillation and rectification of the oil are, 
however, as varied as they can well be, no two 
manufacturers adopting the same process. Many 
of the aniline dyes depend entirely for their 
superiority, on the quality of the oil used, and for 
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this reason it is subject to one or more processes 
of rectification. This is performed by distilling, 
tbe distillates at the various temperatures being 
separately collected. 

When pure, aniline is a colourless oiiy liquid, 
bnt on exposure rapidly turns brown. Jt has 
strong refracting po\*'ers and an agreeable aro- 
matic smell. It is very poisonous when taken 
internally; its sulphate i?, however, aometimea 
used medicinally. It is by the action upon 
aniline of certain oxidising agents, that the 
various colouring matters so well known as 
aniline dyes are obtained. 

Commercial aniline oil is not, as we Imve seen, 
the purest form of rectified aniline. The aniline 
oils of commerce are very variable in character, 
the principal constituents being pure aniline, 
para- and meta-toluidine, xylidines, and cumi- 
dines. They are best known to the colour 
manufacturer in four qualities— _ 

(a) Aniline oil for blue and black. ■ 

(b) Aniline oil for magenta. ^M 

(c) Aniline oil for safranine. I 
(a) Liquid toluidine. 

From the firat of these, which is almost pure 
aniline, aniline black is derived, and a number 
of organic compounds which are further used for 
the production of dyea. The hydrochloride of 
aniline is important and is known commercially 
as " aniline salt." 

Tho distillation and rectification of aniline oil 
is practised on a similar principle to the frac- 
tional distillation which we lia\ft udticei ws 'awa.'^ 
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for the distillatJon of the naphthas. First, 
light aniline oils pass over, followed by others, 

and finally by the heavy oils, or " anUine-tail- 
ings." It is a matter of great necessity to those 
en^^aged in colour manufacture to apply that 
quality oil which is best for the production of 
the colour required. This is not always an easy 
matter, and there is great divergence of opinion 
and in practice on these points. 

The so-called aniline ccHours are not all derived 
from aniline, such colouring matters being in 
some cases derived from other coal-tar products, 
Buch as benzene and toluene, phenol, naphthalene, 
and anthracene, and it is remarkable that although 
the earlier dyea wBre produced from the lighter 
and more easily distilled products of coal-tar, yet 
now some of the lieaviest and most stubborn of 
the distillates are brought under requisition for 
colouring matters, those which not many years 
ago were regarded as fit only to be used as lubri- 
cants or to be regarded as waste. 

It is scarcely necessary or advisable in a work 
of this kind to pursue the many chemical le- 
actions, which, from the various acids and bases, 
result ultimately in the many shades and grada- 
tions of colour which are to be seen in dress and 
other fabrics. Many of them, beautiful in the 
extreme, are the outcome of much careful and 
well-planned study, and to print here the com- 
plicated chemical formulce which show the great 
. changes taking place in compounds of complex 
I molecules, or to mention even the names of these 
K xoany-syllabled compounds, would be to destroy 
B^e purpose of this little book. tS^a ■Roaauilinep, 
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jhfl Indulines, and SafTaniaea ; the Oxaziaes, 

) Thtoninea ; the Phenol and Azo dyes are all 

aubstances which are of gr&iter interest to tbe 

cliemical student and to the colour manufacturer 
Q to the ordinary reader. Many of the names 
of the bases of various dyes are nninown outside 
the chemical dyeworks, although each and all 
have complicated reactions of their own. In the 
reds are rosanilines, toluidine xjlidiue, &c. ; in the 
blues— phenyl-rosanilines, diphenylamine, tolui- 
dine, aldehyde, &c. ; violets — rosaniline, mauve, 
phenyl, ethyl, methyl, &c. ; greens — iodine, ani- 
line, leucaiiiline, chrysotoluidine, aldehyde, tolui- 
dine, methyl-aniline, ifcc. ; yellows and orange — 
lencaniline, phenylamine, &c. ; browns — chryso- 
toluidine, &c. ; blacks — aniline, toluidine, &c. 

To take the rosanilines as an instance of the 
rest. 

Aniline red, m^enta, azaleine, rubine, solfer- 
ino, fuchsine, chryaline, roseine, erythrobenzine, 
and others, are colouring matters in this group 
which are salts of rosaniline, and which are alt 
recognised in commerce. 

The base rosaniline is known chemically by 
the formula Cj^HmNj, and is prepared by heating 
a mixture of magenta aniline, toluidine, and 
pseudotoluidioe, with arsenic acid and other 
oxidising agents. It is important that water 
should be used in such quantities as to prevent 
the Bolution of arsenic acid from depositing 
crystals on cooling. Unless carefully crystallised 
rosaniline will contain a slight proportion of 
the arseniate, and when articles of clothing are 
dyed with the salt, it is likely bo ^todvifA 
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inflamniatory condition of skin, when 
I. Some years ago there vtas a great; 
outcry against hose and othei' articles dyed 
with aniline dyes, owing to the bad effects 
which were produced, and this has no doubt 
proved very prejudicial to aniline dyes as a 

■hole. 
Again, the base known as mauve, or mauveine, 

as a composition shown by the formula C^jH^jN^. 
It is produced from the sulphate of aniline by 
miKiug it with a cold saturated solution of bi- 
chromate of potash, and allowing the mixture to 
atand for ten or twelve hours. A blue-black pre- 
cipitate is then formed, which, after undergoing 
a process of purification, is dissolved in alcohol 
and evaporated to dryness. A metallic-lookup 
powder is then obtained, whicli constibates this 
all-important base. Miiuve forms with acids a 
series of well-defined salts and is capable nf ex- 
pelling ammonia from its combinations. Mauve 
was the first aniline dye which wag produced on 
a large scale, this being accomplished by Parkin 
in 185G. 

he substance known as carbolic acid is eo 
useful a product of a piece of coal that a descrip- 
tion of the method of lie production must neces- 
sarily have a place here. It is one of the moat 
powerful antiseptic agents with which we are 
acquainted, and has strong anaesthetic qualities. 
Some useful dyes are also obtained from it. It 
is obtained in quantities from coal-tar, that 
portion of the distillate known as the light oils 
heing its immediate source. The tar oil is mixed 
^hb a solution of caustic aoda, and the mixt 
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IB violently ^tated. This results la the caiiBtic 
soda disBolTiDg out the carbolic acid, whilst the 
undissolved oils collect upon the sarf&ce, allowing 
the alkalioa solution to be drawn from beneath. 
The soda in the solution is then neutralised by 
the addition of a suitable quantity of sulphnric 
acid, and the salt so formed sinks while the 
carbolic acid rises to the surfaca 

Purification of the product ia afterwards 
carried out by a process of fractional distillation, 
There sre various other methods of preparing 
carbolic acid. 

Carbolic acid is known chemically as C„Hj{HO). 
When pure it appears as colourless needle^like 
crystals, and is exceedingly poisonous. It has 
been used with marked success in staying the 
course of disease, such as cholera and cattle 
plague. It is of a very volatile nature, and its 
efficacy lies in its power of destroying germs as 
they float in the atmosphere. Modem science tells 
lis that all diseases have their origin In certain 
germs which are everywhere present and which 
seek only a suitable nidus in which to propagate 
and flourish. Unlike mere deodorisers which 
simply remove noxious gases or odours; unlike 
disinfectants which prevent the spread of in- 
fection, carbolic acid strikes at the very root and 
origin of disease by oxidising and consuming the 
germa which breed it. So powerful is it that 
one part in five thousand parts of flour paste, 
blood, &<:., will for months prevent fermentation 
and putrefaction, whilst a little of its vapour in 
the atmosphere will preserve meat, as welt as 
prevent it from becoming fty-blowa. ^'Jj^'so:;^ 



TBX STOBT OF A TOm CW GdiJk 

s, iu certain impure states, a slightly dis- 
agreeable odour, this is never such as to be in 
any waj harmful, whilst on the other hand it is 
Baid to act aa a tonic to those connected with its 
preparation and use. 

The new artificiiil colouring matters which are 
continually being brought into the market, testi:^ 
to the fact that, even with the many beautiful 
tints and hues which have been discovered, 
finality and perfection liave not yet been reached. 
A good deal of popular prejudice has arisen 
against certain aniline dyes on account of their 
inferiority to many of the old dye-stuffs in respect 
to their fastness, hut in recent years the mana- 
factitre of many which were under this dis- 
advantage of looseness of dye, has entirely 
ceased, whilst others have been introduced which 
are quite as fast, and sotnotimes even faster than 
the natural dyes. 

It is convenient to express the constituents of 
coal-tar, and the distillates of those constituents, 
iu the form of a genealogical chart, and thus, by 
way of conclusion, summarise the results whicn 
we have noticed. 
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Aecidsnta. caiuea of mining', 

100. 
" Age of Acregeiu," 23. 
Attthoptn-U. 18. 
Alieann, 116. 
American ooal-Gelds, 1B4. 
Ammoniocal liquor, 14G. 
Aniline, 141. 
Aniline dyeB, 166. 
AniUne ail, commercial, 1S9. 
AniJina salt, 166. 
Aniline "tailinga," 170. 
Antbraoena, 136. 
Anthracite, 7S. 
Artificial turpentino oil, 13fi. 
Aaphalt^ 142. 



Bind, 41. 
Bitumen in 



inidad, 1 



1, 93. 



.1, 187. 
Bog-otik, 73. 
Boring diamonds, 85. 
Borrondale graphite mine, SO. 
BoTsy Traeay lignito, 76. 
British ooal-fieldB, 148. 
British North-American ooal- 



C'ai-duxfiTpavi,, fossil fnijt, SS. 
Carelersnosa of miDars, 101. 
Canses of earth-movement^ 



Chineae coals, 1S&. 
Clanny's safaty-lamp, 96. 
Clayton's eiLperiments with 

gas, 110. 
Clay, regularity in dspoaition 

Club-mosses, great height of 

fosal, 25. 
Coal-dust, dojiKQr from, 106. 
Coal formed in Large lakes or 

closed seas, 56. 
Coal formation, geotogieal 

poaition of, 38, 
Coal formed by esoa{H 



Coal-m 



!, 12, 



remit of driftdd 

, fil. 

climats of, 37. 



Coal -period, 
"Coal-pipea, luj. 
Coal-plants, olassiSoatian i^. 
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Coals of non-carboniferous 

age, 63. 
Coal, vegetable origin of, 11. 
Coke, 147. 
«« Cole," 87. 
"Condensers," 126. 
Cones of Lepidodendra, 27. 
Conifers in coal-measures, 34. 
Current -bedding in sandstone, 

41. 

D. 

Davy-lamp, 97. 

Dangers of benzene, 134. 

Darwin on the Chonos Arohi- 
pel^^, 74. 

Diamonds, how made arti- 
ficially, 84. 

Disintegration of vegetable 
substonces, 69. 

Disproportion in relative 
thickness of coal and coal- 
measures, 38. 



E. 

Early use of coal, 108. 
Effects of an explosion, 98. 
Encrinital limestone, 48. 
JEoviseta, 19. 
''Essence de mirbane," 135. 
European coal-fields, 150. 
Evelyn on the use of coal, 113. 
Experiments illustrating fos- 
silisation, 19. 



F. 

Filling retorts by machinery, 

125. 
Firedamp, 93, 94. 
Fire, mines on, 99. 
First light oils, 133. 



First record of an explosion, 

94. 
Flashing-point of oil, 139. 
Flooding of pits, 99. 
Fog and smoke, 114. 
Foi'aminiferaf 47. 
Fossil ferns, 14. 
Fructification on fossil-ferns, 

18. 
Furnace, ventilating, 92. 



Gas. coal, 119. 

Gasholder, the, 124* 

Gas, house, constituents of, 

131. 
GiossajatertSt 18. 
Graphite, 79. 
" Green Grease," 133. 



H. 

Hannay, of Glasgow, 84. 
Heavy oils, 133. 
Humboldt's safety-lamp, 95. 
Hydraulic Main, 124. 



I. 



Impurities in house-gas, 131. 

Inman coals, 159. 

Insertion of rootlets of ttig- 

maria, 33. 
Insufficiency of modem forest 

growths, 10. 
Ireland denuded of coal-beds, 

57. 
Iron, supplies of. 111. 



LepulodeiidTa,*2A. 



M 



HTB the story of a- TIECE Of COSE. 

I Lepidoitnbi, 27. 
Lignite. 76. 
Lraidon lit by gaa, !20. ProhibitiotiB of the use of 00»l, 



Mareo Polo, HI. 
Morab gag, 129. 



Methods of Tentilntion 



NaptbnUn, 136. 
.VtiimpUns, 16. 
Neircastle, chRrtera to, 106. 
Nitro-bansole, lfl7. 



ObJDCtiauB to use of aoal, II 
Oils from coal and ll^ita, ! 
Oil-welU of Amorica, 139. 
OleSant gas, 130. 
Ortiocenu, 66. 



FaraCBns, 129. 
Feat, 73. 
Ptcopttrii, 17. 
■ PenosflvaiiianaDthracite, 155. 
Peraian firo-worahippers, HI. 
Pltoh, 133. 
Plumbago, 79. 



Psan>ai«s, 16. 
" Puriflera," laS. 
PrritoB In ooa^ 143. 



Reptiles of the coal-era, 61. 
Reaerablance of Amorioan and 

Britieh eoal-ffom, 67. I 

Retorts, 124. 
Kocian ubo of coal, 108. 
RDsanilines, the, 171. 
Royal ComioiBdon of lS6fl, 



162. 



S!g,llarii, 29. 

South American ooalf, 16 

Sporea of lepfdadresdron, 



SteiTibergia, 3i. 
fVigmana, 31. 
Subsidenue thronghout 
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T. 

Tar, 132. 

Testing pits by the candle, 

94. 
Texas coal, 157. 
Toluene, discovery of, 166. 
Torbanehill mineral, 137. 
Trappers, 93. 

U. 

Underclays, 32, 46. 

Uses to which coal is put, 117. 



V. 



Vaseline, 138. 



Vegetation of the coal age, 9. 
Ventilation of coal-pits, 91. 

W. 

"Washers," 127. 
Waste of fuel, 115. 
Wealden lignite, 77. 
Westphalian coal-field, 10. 

Y. 

Young's Paraflan Oil, 137. 

Z. 

Zoroastrians, 141. 
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THE STORY OF THE STARS 

9IHPLY TOLD FOR QENERAL RCADeitS 



GEORGE F. CHAMBEES, F.E.A.8, 

Q/thtlimtrTrmplc,Barniltr-al-lAi,i: AiUlvrtfA BanObeotn 
Otterifttwc and fraaical Aitranamf~ ■•Firtariat Attrnami." it 

SECOND EDITION, WITH 94 ILLUSTRATIONS. 



■ ' Hr Chaubibjs wriCea in a Twaroiu and attractiTe Myli, 
and be Bboiri liimwtf able to combine in an nnoomnioii d^ie* 
itiGo aocimc? of statetueat with a clear and attnctira 
nition. ' '^Sptaktr. 
Attractive from beginouig to end, and the hut chapter on 

...... _ _. .t L .. .V . ^ DBbulr 

o daU."- 

" A pleaBaQtlj writt«D and nnooDTentional iatroduction to 
Lfi Btud7 of astrDDom;; (laoked indeed with hard facU, but 
ith ite matter ao Bet forth na to be attractiTe to tho«e who 
ould bo repelled by thehearier treatLsea." — Scottnan. 
"TasteCuU; bound, and printed in clear type on very good 
pap«r." — yeixaitle EvtHrng JV(iu. 

" Brimful of fact! . . . and up to date." — Dvnda Advtrtitm; 
"Air 0BAMBtBS*8 illiutratioiu are often of a homely Idnd, 
it ore not the less useful for that."— 5p«ta'sr. 
"A useful aid to ao intellifreDt underatandinc of the more 
obrloui phoDomeoa of the starry firmament. " — Qlatgov Herald. 
"The iDfortnatioa la aoourate and told in a pleasing aad 
I attraetiva manner." — Alkenceu-m, 

" An admirable little manual, oonciae, acieatifie, and read- 



STORY OF PRIMITIVE MAH 



EDWABD CLODD, 



1 as iLLUsmATiONB. 



"Mr Clodo writfs with a full mind, uid the nsolt ii 
most deliglitriillj amooth reading. . . . Two bnadred 
pages of well printed, well bound, profoae]; illostraled, 
and in everf nepect capitU nwldrul, gn one of the most 
progr«ssiye of sciBn<:ea. In fact, the little volume conlunt 
all that any oidinaiy person will care to koow oa the 
sntiject of pre-historic man. " — Daily Chrimicie. 

" A model of concise and clear exposition." — Bookman. 

"It creates interest and develops a desire for further 
information, therefore it poaaesses the chief quaUtJes that 
go to make a good book for the average man." — Natiirc 

"A real story with a beginning and an end. Anyone 
who reads his book intelligently will have in bis mind a 
good idea of the science of anthropology."— Sodtrifc™ 



IS amonnt of information. "~Sto 
" An excellent little treatise." — Scka, 

LONDON; GEORGE NEWNES, UMITED, I 
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THE STORY OF THE PLASTS 

GRANT ALLEN. 

BECOND eOlTIOH, WITH 4S ILLUSTRATIOMS. 



" i. Tary re&dsble, and at the same time aa inatrncttTe 
impulu Moount of the rosulu attuned in the more reomt 
inveadgBlicilis of botaoicsl Bcieuce ... a notewortlij 
additioii to papnlsr booka in science." — Scclsiaan. 



{■henomena of plant life, and the subject haa the a 

.«r being treated philosophicallj. " — ICeview of Eeutews, 

A most interestiiig accoimt of the pheDomona ot plant 

One of the best incentivea to the study of botanj." — 
Dvmdte Adverliser. 

whole book is excellent. . . . Many chapters of 

the story he tells must prove to the uninitiated aa exciting 
■a a romance." — Aberdeen Free Press. 

" For tba little work tliere is nothing lo be nid but 
praisB." — ScKo. 

" There is no ' fine writing' in the little book before us, 
And it is not too tochnicaL It may appropriately be 
described as a pocket Edition of Von Kemer's great book, 
'Fflanzonleben, and that is the highest complimeut we con 
pay it." — Liverpool Post. 

"A lively introduction to a more Borious study of plant 
""' " — Brmiford Observer. 
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THE STORY OF THE EARTH 

IN PAST AGES 

H. G. 8EELEY, F.R.S.. 



An inBtnictivB voluma in » very con ven lent form." — 

" He writes in a stylo alwajH pointsd aud pragaant, 
with Bvident precision and forethoaght, without redundanoy 
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grip of geolagiDal principles and facts can do better than 
■xpend a ahillin^ on this little tiool and troat implicitly 
in ita aathor's guidance." — Seiente Si/Hngi. 

"Handj little guide to a big subjeot." — St Jama' 
Budgtt. 

" A learned and anthoritative tieatiw on geoliwy. . . . 
It is simply marvellons how he has packed nis Iras than 
SOO pages with pregnant facts, and yet preserved the idea 
of > story. ... A mine of scientific lore, and jet aa 
charming as a story boot." — IMerary Wurld. 

" A simple and popularly- written sncnming-np of the 
results that have been reached by geological science, 
rapidly and tersely expounded, and illustrated by a series 
of plates which, like the book as a. whole, will prove 
interesting, and, to ■ noa-scientiflo reader, instructive." — 
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study of the heavens can be acconipliahed except 'hj 
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